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PREFACE 


The First All-Union Symposium on Fish Physiology held in 1956 ack- 
nowledged that For the successful accomplishment of the tasks facing the 
fishing Industry, further and more detailed Btudies on fish physiology arc 
required. Fish physiologists must undertake studies directly concerned 
with the fishing industry (resolution of the Symposium). Progress in this 
field had been hampered by the absence of a manual of methods for studying 
fish physiology. The Symposium urged the need for this deficiency to be 
made good by the compilation and publication of such a manual. An Editor- 
ial Board for this purpose was set up which included E.N. Pavlovskii (Mem- 
ber of the Academy of Sciences), V.A. Pegel', P.A. Korzhuev, T.I. Frivol* - 
nev, N.V. Puchkov, B.V. Krayukhin, G.S. Karzinkin. L.G. Voronin. N. L. 
Gerbil'sldi, E.M, Malikova, and G.A. Malyukina. 

The Ichthyological Board was asked to take the necessary steps to secure 
the publication of this manual. 

The Editorial Board chosen by the Symposium has now accomplished 
this task. The present treatise comprises 33 chapters on methods used in 
the investigation of fish physiology including the study of: blood, respira- 
tion, metabolism, digestion, osmotic regulation, and, finally, methods for 
the experimental study of the higher nervous acthdty of fish. In addition to 
methods suitable for well-equipped physiological laboratories, methods for 
field studies are also given. These methods should be of use not only to 
physiologists, but also to ecologists, and to less highly-trained personnel 
employed in the fishing industry. 

The chapters are arranged so that the necessary data Is easily accessible 
to specialists in any particular field without their needing to consult addi- 
tional literature. 

Methods for the study of fish metabolism by the use of radioactive or 
stable isotopes or special biochemical analytical methods have not been In- 
cluded as these are adequately covered already in the specialized literature. 



METHODS OF STUDY OF BLOOD IN FISH 
P.A. Korzhuev 

of Animat Morphology lm AH Sevtrtaov, Academy of Sctencw of the USSR) 

Detailed comparative studies on the blood of man and of agricultural 
animals have given grounds for assuming that blood is a unique "mirror 
in which all vital processes taking place in the organism are reflected. 

This is the basis of a hypothesis which is at present under study by zoolo- 
gists, according to which blood properties are directly correlated with 
breeding properties and fertility of animals. Blood tests are among the 
main standards for the assessment of breeding properties and fertility in 
animals. 

Fish blood has not been studied fully, in spite of the fact that a detailed 
knowledge of blood properties is indispensable for the understanding of 
biological processes in the different fish species. Very accurate methods 
are nov. available for determining the total amount of blood in the organism, 
and of its plasma components and formed elements. Essential in this re- 
spect are the methods for determining the number of red blood cells (eryth- 
rocytes). hemoglobin, and total blood volume, since these serve as indexes 
of the level of energy -yielding processes taking place in fish and hence of 
the activity of the fish species in question 


ERYTHROCYTE COUI.T METHODS 

C ° lU, !‘ nB ° [ ^hrocytes por given volume of blood 

^ “-I 

of blood. Determination of the n U * Cr °* crythroc > rteB per cubic millimeter 
out in the following order. U Cr °* erythroc y teB should be carried 

the thin end of which is introduced teke n by means or a Pasteur pipet 

gill cover or into the caudal artery The Ivf S6lB located In ^ region of the 
of the capillary tube. Having obtadneH Bkin punctured b y the sharp end 
hitter is placed on a watchS,?^?!?. 1 ^”^ ired am ^ of blood, the 
. ? Diluting pipet (Fig l A) - the dilutmg pi P ets 

with an egg -shaped bulb located nearer /f* bl °°? dilution - This is a pipet 
long, graduated stem of «*« Thv 

,or dra '"‘"e blood by suction. It 



S^S=K■S:snSS?!=■i'S^■ 

o 5) The eee-shaoed h„i h 200 “ f, ? e than the stem to the mark 

the blood ndKure u , ? ms “ smaU elaa “ b » u 10 mixing 

tilted to TK f l S? ?’ <hP lM * sle “ is PO*«e<<. the opposite end is 

fitted to hold a rubber tube for suction In good diluting pipets the lumen 

the bulb sh'oold’b 1 10 ° B °‘ h th ' " pper mark ° n ,he stem “ d ,hil above 

the bulb should be as close to the bulb as possible because the fluid between 

-r; “ arks and !be bu,b can n°< be ™xed and the greater the volume 
of this liquid, the greater the error of determination 



3 Diluting fluid The most widely 
used diluting fluids are Uayem’s fluid or 
sodium chloride solution Isotonic solution 
at sodium chiorfde is usually used, but it 
is better to employ a hypertonic solution, 
to prevent hemolysis Hayem's fluid con- 
sists of mercuric chloride 5g, sodium 
chloride lOg, and sodium sulfate 37 5 g 
in 1000 ml water 

4 Counting chambers The 
counting chamber {Fig. 1, B. C) consists 
of a heavy glass slide, in the center of 
whfch a glass platform with an engraved 
ruling is etched Along both sides of the 
middle platform ("floor piece") with the 
ruling there are two other platforms rising 
exactly 0 1 mm above the central one 
These platforms are covered by a thick 
coverglass ground perfectly plane, so that 
when the coverglass is In place the height 
of the chamber is exactly 0 X mm For 
this purpose a special thick glass with 
ground edges is used This coverglass 


FIGURE I Diluting plpct <cr counting 
clumber (fcr counting blood cell*) 

A - diluting plpet B - counting ch*m 
ber C — counting dumber filled with 
blood under microscope * — rubber 
tube, b - glut pUtfcrmi c — cov«r- 
gl*» 


should adhere tightly to the platforms, as 
Judged by radial bands, the so-called 
Newton rings The best counting chamber 
is that of the Barker type The results 
obtained with this counting chamber are 
more accurate than those obtained with 
other types of counting chambers (e.g. 
Zeiss counting chamber) 


5 Rulings, Counting chambers with different rulings are known 
(ruling of Thomas-Zeiss. Turk, Burker, Neubauer. PredtechensUiand 
Goryaev) Rulings of all types consist of a square surface subdivided into 
numerous small squares (varying numbers, depending or, the type of counll^ 
chamber) grouped differently in the different cnnnti^chamters We ». The 
small squares in all rulings are of identical dimensions >/a>™> wide and 

tSHSSSHSi 


and in their location. Counting chambers of Burker and Turk have 144 large 
squares, Predtechenskii’s ruling has 100 large squares, and the Thoma- 
Zeiss ruling - 16 large squares. 

G Filling the diluting pipet and charging the counting 
chamber. The pipet with blood is filled to the 1.0 or 0.5 mark. The blood 
adhering to the tip is wiped off with cotton wool and plunged into the diluting 
fluid and the fluid is drawn. At this stage it is best to hold the pipet nearly vertical - 
ly in order to avoid Inclusion of a large air bubble m the bulb (occasionally an 
air bubble may ascend together with the fluid and by-pass the bulb). The 
fluid is drawn up to the 101 mark (the upper mark above the bulb). Then 
the rubber tube is removed, both ends of the pipet are closed with the thumb 
and third finger, and the pipet is vigorously shaken in all directions for 
3 - 5 min. Some laboratories are equipped with mechanical shakers which 
ensure uniform mixing. This of course gives better results, since thorough 
mixing of blood in the diluting pipet is a prerequisite for accurate blood cell 
counts. 


After the blood has been mixed thoroughly by shaking, it is immediately 
placed into the counting chamber with the coverglass in place. To be sure 
that the blood in the counting chamber comes from the bulb of the diluting 
pipet and not from the stem, the first several blood drops from the pipet 
are discarded. Thereafter, the diluting pipet is shaken several times and 
the counting chamber charged by letting the blood drop from the pipet flow 
along the edges of the coverglass. The fluid will run under the coverglass 
by capillary action, and fill the chamber space. The corpuscles will settle 
in a short time and counting may be commenced. After counting, the diluting 
pipets should be rinsed with distilled water and dried with the aid of a rubber 
bulb, the counting chamber Bhould also be rinsed with distilled water and 
dried with cotton wool or gauze, 

it, 1 ’ C ° un,inB erythrocytes. Erythrocytes are usually counted in 

tw^ce the S C f' ,° r ?' r 10 aV ° ld C ° untin B ° ne an<1 th * sami erythrocyte 

par, outside the square are no, W “ h ‘ he ‘ r 

In Dur^^™i'„ a ” B m“tl U s >, ^cL'are airange^ci BqUOaes (5 large squares). 
There are 12 large and 13 smalt ^ g d between large squares, 

counted in all small squares In 6 altcrnatiV B * ngle X * W ' Er ythrocytes are 
seventh row. 4 m b altcrnate rows, and in two squares of the 

lowing way: The < vowIe 0 oMh” mall™™,”' bl ^ d ‘ S det ' rml ncd In the fol- , 
Thus, the number ol cells per 1 mm” j 2 ° X 20X1/1° « l/d000mm' 

he calculated from the following 7orm£ a: “ '° r rulings of all types can 


1 amal1 squares counted 




FIGURE 2 Ruling* of counting chambcri 

A -Thorn* •» counting Ch»ml»«ri 8 - Turk t counting chamber] C - Barter'* counting chain bar, 
D — Goryaev** counting chamber I - large aquare, 2 — null quart 


Dividing the number of cells by the number of small squares, one obtains 
the number of cells per one small square, x.e. per 1/4000 mm3. Hence there 
are 4000 times more cells per 1 mm 3 . Thus the number of cells found in one 
small square is multiplied by 4 000. fn addition, blood dilution must be cor- 
rected. For example. tOO erythrocytes were counted m 80 small squares. 
Blood was diluted 1 : 200. Thus the total erythrocyte count per one cubic 
millimeter of blood amounted to* 

10 0X4000 X 200 . 8.000 0Pg_ , 

80 * 80 


1,000.000 erythrocytes 


Usually When blood ,s diluted 1 200. and 80 small squares are counted. 

. .v, figures 4000 X 2 °— - 10,000 and simply multiply 

one may omit the constant figures 20 

the number of erythrocytes counted in 80 small squares by 10,000. 

The accuracyof the method for counting erythrocytes depends on a number 
of factors (the accuracy of taking the blood sample accuracy °^ibiting the 
blood sample, thoroughness of mixing). The error In making a blood l count 
(in the case of human erythrocytes - which have been counted most frequently) 
may range from 3.0 to 10 ft; the error in counting leukocytes may range from 
7.0 to 30ft. 


OrrTRMNATICtt Of VOLUVE Cf BLOOD CORPUSCLES 

The relative volume of blood corpuscles ("corpuscular volume percentage") 
as determmed by the hematocrit is a very important criterion. In addition, 
it may serve as a verification of the number of erythrocytes counted with the 
aid of counting chambers. 

Hematocrit tube (Fig. 3) is made of heavy glass with a narrow 
(2 -3 mm) inner diameter. There are 100 graduations on the tube 
wall The hematocrit tube is filled with blood from a Pasteur 
pipet, and centrifuged for 45 min at 3000 rpm. The level of 
packed erythrocytes is read and centrifugation Is continued for 
an additional 15 min. Centrifugation is discontinued when the 
second reading coincides with the first one. 

There are various types of hematocrit tubes, which differ 
from each other in form and size. The best hematocrit tube 
is that proposed by Wxntrobe (1933). 

Under normal conditions, in freshly captured fish the corpus- 
cular volume percentage as determined by the hematocrit ranges 
from 20 to 35ft, i. e. there are 20 - 35 volumes of cells for each 
100 volumes of blood. Exceptionally this figure rises to 50 ft 
(pelamid blood). 

If blood clots are present in the hematocrit tube, they lead 
to serious errors (high hematocrit values). It is recommended 
to perform hematocrit determinations in duplicates, and to 
centrifuge the samples to constant volume 

The use of the hematocrit may 2lso indicate the presence or 
absence jl hemolysis m the bleed sample. Hemolysis cannot 
be ascertained by counting erythrocytes. 

DETEPAClaATIC. CF KEMOC1CSJ. CC*fTK.T 

,or ,ha ^‘ermlnatton ol hemoglo- 
ttme the least aceurat * * deapread and simplest, but at the same 
The Sahlt m^'h' ^ 1I J' colorimetric method oISahU(1903) 
sion of blood hemoelobin \ method is ba sed on the conver- 

acid. and ma vnth hydrochloric 
that of a standard solution° r ° ^ aCld hematm solution with 

test tubes Tw^test tube^ 3 fn * me with three compartments for 
t6Et tUbes “ re and contain acid hematm 



solution of known concentration. The third /. * 

test tubes with standard solution) is <betwecn the *«© toad 

One has 140 graduations and the nthf a * ed provided with two scales. 

p»"SH-S,S-r 

'* Ehou “ be stated to h0 «' mwiy grams 100% correspond. 
UmeteTmart" ani *‘ th * Srad,iated p,pe ’ m,h 20 '<*'= *>il- 

To determine tne hemoglobin content a drop of blood is obtained and 
drawn into the pipet to the 20 mm3 mark Decinormal solution of hydro- 
chloric acid is poured into the graduated tube to the mark 10. The blood 
from the pipet is blown into the hydrochloric acid solution In the graduated 
tube and the pipet rinsed several times with the hydrochloric acid solution 
After mixing with hydrochloric acid, the blood assumes a brown color 
similar to that of the standard solutions. The fluid of the graduated tube 
is diluted with distilled water, drop by drop, until it has exactly the same 
color as the standard solutions. The graduation corresponding to the surface 
of the fluid indicates the concentration of hemoglobin Hemoglobin content 
of fish ranges from 30 to 90%, and 5 to l4g per lOOcc of whole blood 

The accuracy of hemoglobin determination is affected by the following 
factors 

1 . The time elapsed from the moment of mixing blood with hydrochloric 
acid to the reading It should be mentioned that the color intensity of hematm 
solution is not stable, thus, in order to obtain comparable results all determi- 
nations should be made after a strictly determined time, between 3-5min. 
When the Zeiss hemoroeter is used, the reading should be made exactly after 
5 min (exactly 5 min after mixing with hydrochloric acid, the color of hematin 
matches that of the standard solutions). 

2. Since fish erythrocytes contain nuclei, the turbidity formed by the 
nuclei which are insoluble m hydrochloric acid must be accounted for. The 
greater the number of erythrocytes in the blood, the more marked the tur- 
bidity. Analysis of blood of a male 6turgeon showed that the hemoglobin 
concentration amounted to 12.7 gper lOOcc of whole blood. After centrifuga- 
tion, however, this value fell to 9.8 g per lOOcc of whole blood or by 22.9%. 

The hemoglobin concentration of sevruga fell from 15.8 to 12.5 g per lOOcc 
of whole blood, J.e. by 18 0%. The hemoglobin content of sheathHsh was 
determined as 6.4 g per lOOcc of whole blood. Following centrifugation, 
this value fell to 5.4 g per lOOcc of whole blood, 1. e. by 17.4%. On the 
average (data from numerous determinations), centrifugation brings about 
a 18 -20% decrease in the value of hemoglobin content, this figure is too 

'"More wS? Methods are those based on the detemtaallm «f<j« 
oxvnen capacity of blood, or of blood iron content (iron is an Integral part 

=='ss=iz;r 



accuracy of our determinations Thus, for example, it was found that 1 mm 3 
of sheathfish blood contains 1,400,000 erythrocytes; hematocrit value, 23.0%; 
hemoglobin content - 54 g per lOOcc of whole blood 

The volume of one erythrocyte can be determined from the following for- 
mula' 


hematocrit reading .. . q. 

number of erythrocyt e X 10 * Volumc 

X10 - 164.3 p 3 . 

The hemoglobin content of a single erythrocyte is 


X 10 = 39 micromicrograms 

Hemoglobin concentration per one erythrocyte amounts to 
100 « 23.5 % 

Since It la thought that the nucleus of flah erythrocytes, like that of other 
.nm^Vw I" d T‘ d hen ' 0£l0bin - the tr “C hemoglobin concentration is 
Aoeordml m w r , W h" if V OCCUpled the "“'eus la corrected for. 

16 0% of the toS ^ ,hc "“ cleus tn » '-“h erythrocyte occupies about 
16 . 07 * of the total volume of the erythrocyte. 


DETERMINATION 


ntufa or the above for- 
investigators, and In our ooinion | R anlmals » is widely applied by various 

tests or the different fish species. Although iTh^ 3 " 0 * ‘V 11 ® BencraI blood 
method is inadequate for comnrrhpne, . has man y advantages, the above 
method would be s at 1 s factory e r e h^bl o otf vr^ °° 

of other animals. Literature data hnwp , V j Ume of fIsh constant, like that 

f.sh fluctuate widely pending on^ » ' n ? Ca,<! ,ha ‘ bI °° d volume 

general condition of the S2 Hemato 1 o°, ^ ' ,8h ' the season and the 
epeetes cannot be eonstdTreTa; cornel*. 8 EtUd,eS ,n various 
determined. This, m combination whh theri ?” total blood v olume Is 
one blood drop (hemoglobin, erythrocyte count 3 ° btained ,r ' om analysis of 
enables the Investigator to obtain more mea " cor Puscular volume) 

from the analysis of one blood'drop only!"'"' 34 ' 1 eStlma,aa ‘hat are obtained 

The animal Is bled to SlaJ" jj*‘ crm *n!ng blood volume 
*“”?*** !r ° m the eround tissue's and tha remaining blood 

small animals. From small fish thp wi [P thod is suitable for work with 

mmggm 

’ er JThroeytes in „ io determined 


and tissues la known, the total blood volume can be calculate/ 

fusion Th ' “ S ‘ .°u ’ J T 61 h ° d • TWs ■« based on removal of Wood by per- 
fusion. This method Is used to studies of lar 5 e fish. First a orecmrtv 

bl °° d ,‘! ° bt3toed rad analj2e<i for **>»«*l*w Concentration 
„2l Sh " Ca "‘f d out ' The '°'”me of perfusate is aecurately deter 
TOlum^ i ! hemoglobin concentration ascertained. The total Wood 
whole blood al<: ' lla,l!d ,r ° m thC d ‘ ! “ , ' on the P eri “sate In relation to Die 

Perfusion is carried out as follows: 0.8% solution of sodium chloride Is 
placed in a transfusion bottle provided with a rubber tube and glass cannula 
to be inserted into the aorta. 

The experimental fish is weighed and tied to a frame consisting of 
two wooden planks joined to each other at an obtuse angle. The fish is 
fixed with its belly up. The skin and muscles are incised in the heart region, 
between the anterior fins and gill covers. The portion of the vessel between* 
gills and aortic bulb is exposed. The exposed portion is tied with a ligature, 
and the peripheral and central ends are compressed with two clamps. An 
incision is then made, and the glass cannula is inserted into the vessel (di- 
rected towards the heart). After the cannula has been fixed Inside the ves- 
sel, the clamp is removed. The outflowing blood is collected in a test tube. 

In this blood, the hemoglobin content or the erythrocyte volume is determined. 
When the blood flow has ceased, the cannula is taken out and inserted into 
the peripheral end of the aorta. Then the cannula js connected with the rub- 
ber tube of the perfusion bottle filled with physiological sodium chloride solu- 
tion, and the clamp on the peripheral end of the aorta is removed. Perfusion 
of the vascular system commences; the perfusate flows through the cut in 
aortic bulb. Perfusion is continued until the perfusate becomes colorless. 

This is usually achieved after 30 minutes or one hour of perfusion. Perfusion 
is then discontinued. The fish is weighed, and the volume of perfusate. Its 
hemoglobin concentration or the erythrocyte volume in the perfusate are 
determined. 

For the determination of hemoglobin concentration in the perfusate the 
color of the perfusate Is compared with that of suitably diluted blood. For 
this purpose a series of test tubes with various blood dilutions is prepared, 
to a series of colorless glass test tubes containing 2 ml of distilled water 
each, the following amounts of whole blood (In ml) are added with the aid of 
a micropipet: 0.03; 0.08; 0.07; 0.06, 0.05; 0.01, 0.03; 0.025; 0.020 
0.015, 0.010; 0.007; 0.006, and 0.005ml. This corresponds to blood dilu- 
tions from 1 : 22 !o 1 : 400. 2 ml of the perfusate are added to a similar 
test tube and its color Is compared with that of the standard solution, to 
this way the dilution of blood In the perfusate Is determined Since tte 
volume of the perfusate is known, the amount of blood present fn the per 
fusate can be easily calculated. , . 

of perfusate will contain 

■ 10.85 ml of blood. 



Hence the total 


blood volume of the sawn is 10.85 + 10 = 20.85ml or 21.68g 


wluch comprises 2.4% of the total bod y weighty ^ ^ 


Let us examine another example m which the t 
was determined from hematocrit values. 

Experiment, February 2,1 949. Sheathfish ( S i lu r u s g 1 a n 1 s ) , weight 
G50 g, body length 47 cm. Whole blood obtained from aorta, 9 0ml. Volume 
of perfusate, 250 ml Volume of erythrocytes in whole blood (hematocrit) 

17 07(1 Volme of erythrocytes in perfusate (hematocrit) 0.9%. The dilution 
of blood in the perfusate is thus 17 0* 0.9 = 18 8 - fold dilution. This means 
that 250ml of perfusate contains 250 0 : 18.8 = 13.29ml of whole blood. 

Hence the total blood volume of the sheathfish was 13.29ml + 9.0 ml = 23.3 ml. 
Assuming that the specific gravity of blood is 1.04, the total weight of blood 
is 22.3 X 1.04 * 23.2 g or 3.6% of the total weight of the sheathfish. 

In relatively large fish the volume of blood may also be determined with 
the aid of vital stains introduced into the blood stream (heart). The total 
blood volume is calculated from the extent of dilution of the dye xn the blood 
stream as compared to the concentration of dye in the initial solution (Prosser 
and Weinstein, 1950). 

Determination of blood volume in fish, although important for its own sake, 
does not accurately reflect the characteristic ecological properties of the fish 
examined, because their blood may have varying hemoglobin concentrations. 

If the hemoglobin content of the whole blood and the total blood volume of the 
fish in question are known, the total hemoglobin content of the blood and the 
amount (In grams) of hemoglobin per kg body weight of the fish can be calcu- 
lated. The latter index is of special importance, since it enables one to 
compare the total hemoglobin content in various fish species. Thus, if the 
total blood \olume of a sheathfish weighing 650 g is 22. 3ml and the hemoglobin 
concentration Is 5.45 g per 100 ml of blood, then there are 1 87 g of hemo- 
globin ppr kg body weight in the fiah in question. 

The ecological properties of various fish species can be judged by the 
concentration of hemoglobin in their organisms. 
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THE WHITE BLOOD CELLS 
N. V. Puchkov 

„ „! Ndim <U .!» «' Sc ""“' “ SSR ’ 

BLOOD tfUKOCYTE COUNT 


The normal number o ( leukocytes 

in the blood of mammals and in m , 3 0 f blood. The number of 

fish, to more than 100,000 leukoses per mm3 of Wooo j on lhe 

leukocytes in one and the same fish specie, varies gr 

age, season and maturity o the aex glanos hea rt >fMr expoaing 

Blood for countmg of leukoses may be taken ^ ^ method „ 

the thoracic cavity, or from ®e branchioai g.^ For ^ p e _ 

the one in which blood is obtain , hc tail and anal fin will remain free, 
the fish is wrapped in a towel so tte _ Evc „ mor e convenient la to 

the fish is then placed with «• _be«y ^ (tod on a steady' =asc < F ‘«- » 

wedge the fish between two para “ e , „i„ d with a dry swab and the t* > •» 

slowly rotating the pipe 


fating the pipet. This is donej^U t «JP £ r> cauda i Br tery 
tebral bones. The rotatl^ movemem onh a „ d Wood begins lo 

present on . the £***££2 an ad.,u... ~^WZpS 
sTak“n 0 ou. e and P 'h'e blood blown blood should b. 


istaken out a^nd the blood blown ot obtaining blood 1 shoWd t 
clotting of fish blood the From thc walchglass ^ 

carried out as rapi y . for cou ntlng niamm t'nrzhuev). Blood 

drawn into a diluting P P d ng chapter of P.A. gilting fluids for 

diluted 100 times (see the P«« with special 

is drawn up to the 1.0 ■»«“ “ lllis purpose, the following 
vital staining of leukocytes , r 


is drawn up iv 

vital staining of le ' ,k ° <:y ‘'" dr ^counting' 
A and B are prepared, prior 

Solution A 



Sodium chlc^ld* * 
DlKlllcd ” tttT ’ 

Solution B 


. 25 ms 
O «g 
. 1 00ml 


Cry** 1 *iol*t . 
Sodium Cttmto 
Fccm»H“ . - ■ 
entitled **«« 



FIGURE t. Obtaining of blood from fiih 


For better solubility ol the dye, the salt present in each of the solutions 
should be added alter the dye has completely dissolved. 

The solutions should not be stored for long periods of time. Solution A 
may be stored for one day. Solution B may be stored for about one week. 

Before the studies, solutions A and B are poured into shallow porcelain 
crucibles. Blood is drawn into the diluting pipet up to the 1.0 mark, this 
being followed by drawing solution A approximately to one-half of the volume 
of the bulb ol the pipet. The tip of the diluting pipet is then plunged into the 
crucible with solution B and drawn up to the 101 mark (above the bulb). 

Having mixed the blood with the dye. the diluting pipet is left for 5 - 10 mm 
in a horizontal position and again mixed. The first 2-3 drops are discarded, 
and the following drop is placed in a leukocyte counting chamber. 

The rulings of the counting chambers conBlBt of small and large squares. 
The area of large squares in which leukocytes are counted is 1 : 25 mm 2 
The groupings of large and Bmall squares differ in the different types of 
Southern 8 U «‘ h ' pr '«a | »6 Paper by P.A. Korrhuev) 

r?i pe *" “ lncUne<1 position and touch Its tip to the angle 
tral nuttorm with r, cov !5 e * ilBS and one of the projecting ends of the cen- 
caplltaw Son a^ f?n, blo ° d "« 1 mn under the coverglass by 

glass and the surface of fv, P fi** 8pa . Ce betw een the lower surface or the cover- 
nation reveals that the fluid '(IT ” lth lhe rUlin H' Microscopic exarol- 


-r™4 1, 3 area 


lV“tr h ft-.,S: ; .rr” 


protoplasm rcmains k pS*! 8 tothVerrtteStrt ' * 3 '*?' rk vlole t-red, and 
slightly, thus dlstlntnticMnw 0n ty the nuclei are sta 


slightly, thus distinguishing them 


from the leukocytes. 


olet-red. and the 
nuclei are stained 



Leukocytes are counted in 8 - 10 large squares of the ruling of the counting 
chamber- The average number of leukocytes in one square is multiplied by 
250 and by the dilution factor (t.e. by 100) In this way the number of leuko- 
cytes per cubic millimeter of blood is calculated 




—* ■ 'Z.*- 

-- 



The number of red blood cells may be determined at the same time in the 
same chamber For this purpose, erythrocytes are counted in 80 small 
squares and the average number of erythrocytes per small square is multi- 
plied by 400 and then by the dilution factor {1 e. by 100) 


DIFFERENTIAL ELOOD LEUKOCYTE COUNT 


White blood cells of fish consist of several kinds of cells differing from 
one another in form and affinity for dyes {Fig. 2). Bony fish show five 
mam types of leukocytes three types without granular cytoplasm, and two 
with acidophil or neutrophil granularity of the protoplasm The agranulocytic 
types of fish leukocytes include lymphocytes, monocytes and polymorphonu- 
clear leukocytes Lymphocytes are small cells whose cytoplasm forms a 
narrow rim around the large, round nucleus The second type of agranular 
leukocytes in fish blood are monocytes — large cells whose cytoplasm oc- 
cupies the main part of the cell The nucleus of the monocytes is bean- 
shaped or slightly lobulated, and usually close to the edge of the cell Poly- 
morphonuclear leukocytes are somewhat smaller than monocytes. The 
nucleus is lobulated and may be multisegmented. The cytoplasm occupies a 
considerable part of the cell 


The second group -the granulocyte leukocytes - includes two cell types: 
neutrophils and eosinophils Neutrophils are medium-sized cells with an 
oval nucleus usually located clo B e to the edge of the cell The cytoplasm of 
the neutrophils contains numerous small granules which stain a dark-violet 
with Stai , n , Eosino P hUa are also medium-sized cells 

ulcs stained oink” hk rf nuclci Their cytoplasm contains numerous gran- 
ules stained pink with Giemsa-Romanowsky stain 

l t S.U»^hr^ 8 r r,0d ' lymphocytes are the prevailing form of 
ltuKocyics in the blood of all species of honv finh , .. 

numerous in the Mood oi the .£ (in t 

carps lymphocytes comprise more than 90% of all leuknevtoot 

number of monocytes and mnrnhft Um °i ^y m P hoc > rtea decreases, and the 
ably CytCS “1 morphonuelear leukocytes tncreases consider- 


to E M Lyalraan, S'auffcrto^'from'GermM m° U8 f iSh dlaeases According 
the number of neutrophils an mcas ^ es show an increase in 

caudai artery m (a““oT cLmtag “o k M™^^ , A b a 0 ° d l‘l S d° b,a ‘”' d ^ ' h<! 

prepare a blood tllm, place the end o^ a i" an alcohol-ether mixture. To 
against the surface of the slide with the hlT^a Blldc ~ " 6 P r nader slide” - 
d r“ “ U P against the drop of bl ood h , J' K> ,'!, drop at an angle of 45% and 
slide by capillary attraction, 1, line ^ 0croBS th " end of the 

f«ioI%“?' r ‘“ d '" back al°ng the mh “ en ,hc ,wo slldcs Posh 

thick ,h " " ,rea ' 1 ' r The film h' 00 * d /° P W ‘ U 

even, uniform and not too 



The fi.m, are a, .owed .0 

fixation, then again allowed to ' of Glemsa stain is diluted with 

stain The commercially available kM«b ot distilled water 

distilled water of pII7 1 - 2 dr °P* 0t f^id of phosphate buffer The 

Distilled water is adjusted to pH 7 0 The diluted stain ls dra »" 

stain should be diluted immediately bet , tM ck layer The stam 

up in a pipe, and poured over the f red Mood f. ^ the remainder 

is then allowed io act for 20 - « {" „ dr ied by touching it care y 

rinsed by Coining tap water, and „„„ 

with filter paper. . „ imme rsion The leu* , 

The stained film Is examined unde ^ Bllde „ ove d » > »P! ^ 
near the edge of the film are c away from the edge, an 

tton along the edge, then 3 „„ stemming from 

posite direction, etc counted To prevent err °, t segments of 

Usually 200 leukocytes are co from four ««•« ^ eIKe 

uneven distribution t> per Vegment) For the^akeM ^ „ 
the film are counted (50 . recorded on a P ^ g column In 

an types of leukocytes eneoun^do^ ^ ^ 

Each leukocyte seen is r . e8 are recorded Tb PP After -dj 
each vertical column 10 leu 3*^ q{ leukocytes rec ^ ho „zontal 

vertical column Indicates e the number of ? es recorded in ea< 

columns have been hi ed P. ^ ^ of 


each vertical -- n „ m ber ot leuiww—, , , per nor»*v« — 

vertical column indicates the number ° f le “ ? es recorded in each 

twenty columns have been filled^. ^ of aU 
column is determined y ntage of each typ 

horizontal column by 2, tne P 


SEDIMENTATION RATE (BSR) IN FISH FRY 
A.M. Naumova 

(Mokow Agricultural Acadtmy im.K. A. Tlmlrlyauv) 


To obtain reproducible and comparable results of the erythrocyte sedi- 
mentation rate in fry of healthy and diseased fish with a small blood volume, 
we have somewhat modified the widely accepted method for determining the 
erythrocyte sedimentation rate in fish (Golodets, 1955 ). The sedimentation 
of erythrocytes is carried out in Panchenkov's apparatus. This method 
requires a capillary tube whose walls are moistened with a 5% solution of 
sodium curate; sodium citrate solution is then poured into the tube up to 
the 6 divisions, and then poured out on a watchglasB. With the aid of the 
theTmied wlm H( bl °° d ‘ S “ P 10 ,hc 2,lh division of the tube, and 

to soTto cUratc ^ a" 1 °2 ‘ h<! ’‘ a,Ch glasB - Thus the ° f bl°°d 

hlnndind <7 14 ' aB ln the original method) but the total amount of 

The BSfl values obtained bv this h d lds BatlBfa ct°ry BSR values, 

obtained by the original method In^rH “ d 1 ar = B,Jraewhat different from those 
examined (he blood of a "ommercW carn hv thaBB variations, we 

fled methods. We determined the BSR in 40 ° ! ,he or| g inal and modl- 

Slnce the varisttons In values are anno ‘ M a PS S ‘ lhe age ot 17 months, 
column of cltrated blood In the capillary tuh. ^ ‘° ' hC chan E e ln blight of the 
of the height of the blood column in tne^uh * BtudIed the BSR as a function 
citrate in proportions used in the original .f , d was mIxcd with sodium 
contained nitrated blood to the tL t v J” etho ' 1 ' The first capillary tube 
capillary tube contained cltrated blood min' ° rlginal me <hod); the second 
25 mark, and the fourth capll ary P mark 5 °’ the ,hlrd *“be. ‘o the 

ubes were placed in a rack, and one hour f 7 mark - AU f °“ r capillary 
fSur C R?S r °'. ytCS had reac bed was reoorde'd ° p thB P ° 1 " t °” thB scale which 
ermf S o B wn obtained. The avers.; T each blood sample (carp) 
terminations were as follows- with th f g valUBB th c BSR from 40 de- 
the modt„ d 3 . 6 , 4.5^ 4 5 “^/“‘-‘bod: 3.3mm“wllh 

vhZt BS * values obtained by the m etwT h * res Pectively. 

ss r ~ eome ; 

•mat, tota, blood volume ££ to a " d 



M8LIOCRAPHY 


1. Golodets, G.G. Laboratornyl praktlkum po fiziologli ryb (Labo- 
ratory Methods Used in Studies on Fish Physiology). — Pishche- 
promizdat. 1055. 



blood groups of fish and methods of 

THEIR DETERMINATION 
I A Balakhnin 

(He AU Union Rese»rcli InRltute of Marine FUhery end Oceauograpty) 


Blood groups were first discovered In human beings The classification 
is based on the presence or absence of tv/o separate agglutinins (a an p) 
the serum and the corresponding agglutinogens (A and B) in the erythrocyte 
Human serum containing agglutinin a is capable of agglutinating crythrocy e 
of another person containing agglutinogen A Erythrocytes containing agg u- 
tinogen B are agglutinated by serum containing agglutinin p Blood groups 
are thus determined by means of agglutination reaction of erythrocytes - 
hemagglutination 

A thorough knowledge of human blood groups is necessary for blood trans- 
fusion In animals including fish, blood groups arc studied mainly to es- 
tablish the relation between dillerent animals 

In the majority of fish examined, no isoagglutinins could be detected, and 
blood groups were revealed by means of immune sera 

For the preparation of immune sera experimental animals were given 
intravenous, intraabdominal or subcutaneous injections of fish erythrocytes 
(antigen) After a certain time agglutinins (antibodies) capable of agglu- 
tinating fish erythrocytes appeared in the blood of the immunized animals 
Quite good results were obtained by using tne method of isoimmunization , in 
which some fish were immunized against erythrocytes of other fish of the 
same species 


DOtRMttlATICN Cf BLOOD CROUPS IN PISH BY HEMACCLUTINATION 

Forblood typingby the hemagglutination method two reagents are necessary 
1 Fresh erythrocytes of the fish species in question, and 2 Hemagglut mating 
serum 

Obtaining and preparation of erythrocytes Blood is taken 
by means of a sterile Pasteur pipet* Blood is obtained from the heart gills 
T, 'u a, ?'; ry and P' 2 '" 1 ln a sterile centrifuge tube For clotting, the 
fro°m ! “ , a tl ’ ermoetat ft + 25-C for 30 mm The serum is separated 
M .7 X centrlt “gation at 1 500 rpm for 5 min Prior to centri- 
fugation the clot i B separated from the tube with a stirring glass rod The 

sr rr, a r*** - r * «— •» «S£SLS! £. 

10 ml portions of 0 0 % v ' ashed <hr,<:e wlth 

. pnysioiogical solution ot sodium chloride 

• ll««Ub*dto* T h««l 0 , t>robewat l80 . c 



g rythrocytes obtained from fish of the same species The content of 
2og a ™i n S T !lSh S 5 Um iS “ SuaUy * udged on the basis 0{ not Jess than 
lam C a r t? ^ ythr0Cy ? es are ra, * ed mth fish sera on small porce- 
. " J des W “ h ^ 6ll3 J If n0 agglutination is observed, blood typing will haie 
to be done with the aid of immune sera 

Immune serum is prepared in the following way Experimental animals 
are given repeated intravenous, intraabdominal or subcutaneous injections 
of fresh, washed fish erythrocytes The injections are given several days 
apart There are numerous immunization schedules, but there is no univer- 
sal scheme, since it depends on the individual properties of the animals to 
be immunized, on the nature of the antigen (fish erythrocytes in this case), 
the dose of antigen, etc Several days after the last injection, the animal 
is bled (trial bleeding), and the blood is tested for antibody titer. When the 
method of isoimmunization is used, hemagglutinins are produced in the fish 
In other respects, isoimmunization does not differ from the immunization 
Before the use of immune serum in the reaction, it must first be subjected 
to absorption with the erythrocytes examined For this purpose the serum 
(in a test tube 8mm in diameter) is mixed with a certain amount of fresh 
washed fish erythrocytes The absorbed serum is then separated from the 
absorbent by centrifugation The serum is then used in the reaction with the 
erythrocytes which served as absorbent When the reaction is positive, 
absorption is repeated The absorbed serum is then tested with the aid of 
the erythrocytes from the given fish species 

Hemagglutination reaction The reaction between hemagglutfna- 
ting serum and washed fish erythrocytes is best carried out on flat porcelain 
slides Two drops of serum are mixed with a small quantity of erythrocytes 
The necessary amount of erythrocytes is easily discharged on the porcelain 
slide by touching the surface of the slide with a Pasteur pipet filled with 
suspension of washed erythrocytes Controls consisting of the erythrocytes 
studied mixed with saline should be run at the same time Positive aggluti- 
nation can be considered as such only in cases when the controls (erythrocytes 
mth saline) are not agglutinated The extent of agglutination is judged by In- 
spection with the naked eye. followed by inspection with the aid of a magnify- 
ing glass and under the microscope 


“.'jStrtfuM' refrigerator, thermostat, rmcroscope, magnifying glass, 
S,for?»S.s7”f S »r., eoaipei, ayringea. alcohol and electric 

bU GlTesware porcelain slides. narrow teal tnbea (Brnra In diameter). 
Glassware p , . d j m j pipets. centrifuge tubes 

materials eodiom chloride, diatllled water, ethanol, cotton 

wool and gauze 


rare, reagents and materials Equip- 



IMMUNOBtOLOGICAL REACTION'S 
N.V. Puchkov 

(InRfaute of Pediatrics. Academy c A Medical Science* of the USSR 1 
DETERMINATION OF PHACCCYTTZISC CAPACITY OF BIOOD UUKOCYTES 


One of the main functions of blood leukocytes is their phagocytizing activity 
These phagocytes, as I 1. Mechnikov has shown, engulf pathogenic microor- 
ganisms and foreign particles which have found their way into the organism. 

The microorganisms engulfed are subsequently digested by the enzymes pres- 
ent in the cytoplasm of the phagocytes, while the non-living engulfed particles 
are carried away by leukocytes and are removed from the organism together 
with other body excretions The phagocytizing function Is one of the most 
important factors in the resistance of the organism to diseases; hence, the 
determination of the phagocytizing capacity of blood leukocytes is one of the 
criteria of resistance of the organism to various diseases. 

For the determination of the phagocytizing activity of blood leukocytes, 
bacterial suspensions or suspensions of fine carmine granules may be em- 
ployed If bacterial suspensions are employed, the method of choice is that 
of Platonov as modified by G. G. Golodets. According to this method, the 
blood is obtained from the caudal artery of the fish after cutting off the tail, 
or according to the method described on p. 12 (for obtaining of blood for 
counting of leukocytes). Blood is drawn into a diluting pipet, used for count- 
ing human leukocytes to the mark 1 and then physiological solution of sodium 
chloride (0.65% NaCl) is drawn up to the mark 11. The content of the diluting 
pipet is transferred into a short glass test tube with a tapering end (see 
figure) The diluting pipet is filled with another portion of physiological sodium 
chloride solution to the mark 11 and squirted into the test tube with blood. 

With the aid of the same diluting pipet an equal volume of bacterial suspen- 
sions in saline, containing approximately 10 4 cells/ 1 ml 3 . Is added to the test 
tube. 



Twttolx lor experiment] cc plugocytcwa 



The content of the test tube is — d“n S “ “e “ MheUstSe 
25 mxn. To prevent sedimentation of bloo • test tube ^ the hands 

should be mixed every 10 ™ ln( ^ y j^hatlon (after 25min> phagocytosis 

in an inclined position). At the e arsenate (Fowler's solution), 

is arrested by adding 1 - 2 drops o p tube is CEntr lfuged 

or one drop of a 1% solution of osmtc acid “d thett^ ^ ^ sedimenled 
at approximately 1000 rpm (not n ’ orel ' “J thls ^ e , ho d the leukocytes appear 
in the tapering part of the test tube with this met 

in the upper layer of the sedtmerted cell a(t w means of a pipet, and the leuko 
The transparent supernatant “ “,^. t are removed by means of the 

cytes present in the upper layer . . t he preparation of a film. ri g 

same pipet and transferred to a ^^n to damage the leukocytes by the 
the film preparation care should be take” mo ^ ^ minutes In ntrtha 

spreader slide. The film is .Hewed £££*. stained by this method, the 
nol. and stained with Giemsa. In preps „„„ the cytoplasm 

bacteria engulfed by the pbagocyt ted under a micros p 

latter The phagocytized bacteria are ™ encountered In 200 leuKo 

oil immersion objective d four dUfcrent segments 1 ° le ncl 

cytes is recorded The courting » courlt ed). For the sake of 
fin (50 leukocytes in each »^ Mt | ach square each ^ 

a table with 200 sduares ls draw ea c„ leukocyte is rec corr e Ep ond- 

The number of bacteria encounter^ ^ ^ aon , aln bacteris. 

square. If the leuko yt . .. of leukocytes with 

mg square was mB1 ?! ™ inin g the phagocytes drawback that the ability of 
Tbe method W " ™" sutlers P T,h'e 

^1,?JSSS?!5- '^t^rfafspec'es produce toxic substance. 

culture, etc). In 
which inhibit phagocjhos 
drawbacks can 


^ert£ P H-|2rSBb 

Smbthi’t P bagoc“os°f e , d b y -f # SZTJ^ 


iwbacks can be f car mine r0 f “J. 6 /' re Suspension of 
tosis with the aid method one nuM| n “”' P „«fully grot und In t m agate 

S=Si?a*Ss«;;!;;SgsSL 

is drawn off The carmine g e procedure is rep 

For the expert , holl rs before tn r arc nt supernatant > order ,p 

obtain carmine part c 



introduced to a depth of about 2 cm below the upper border of the layer of 
precipitating carmine particles, and the required amount of carmine sus- 
pension is carefully drawn into the pipet. The suspension obtained in this 
way consists of carmine particles 2 - 4 p in size. The number of carmine 
particles per lmm^ of suspension can be determined by counting them in 
a counting chamber used for counting of blood cells. The carmine suspension 
is then diluted with saline to the required concentration. The suspension 
most suitable for studies on phagocytosis should contain 15,000 - 20,000 car- 
mine granules per mra^ 

Having prepared a carmine suspension of the desired concentration, O.Sml 
of the suspension are transferred into a test tube with a tapering end (similar 
to that used in studies on phagocytosis with the aid of bacterial suspensions), 
and incubated for 30 min at the temperature of the experiment. Later 20 mm^ 
of blood obtained from the caudal artery of the fish under study arc added to 
the teBt tube containing the carmine suspension. The carmine -blood mixture 
is kept at a constant temperature for 90 min (at 20*C in studies with fish of 
our latitudes). In order to prevent sedimentation of blood cells, the content 
of the test tube should be shaken (the test tubes are best placed in Warren’s 
shaker v/ith a rate of 2 - 3 oscillations per minute). If the above shakers are 
not available one can mix the content of the test tube by hand -rotating them 
every 15 min. 


i oV hS 6nt l ° f th , C 9 f 0mln of incubation, phagocytosis is arrested by adding 
1-2 drops of Fowler's solution. The test tube Is then centrifuged and the 
01 * he sedImBn,ed ccno la “»ed for preparing fltma which are 
o/haMertT 0 '" 3y d< " iorlbed aba *e in studies on phagocytoaia with the 
a aoueous w Pe " 3 f**<i Him is stained for 30 - 40 sec with 

rerawed bv imm.r °[J I ’ C ‘ bylcr,e b,ae - and the stain excess is then rapidly 

touching it with hlUr o water ' Thc (llm is drled b y carefully 

The leukocytes are P c * amined under an oil immersion objective, 
granules^ present ? n '.£‘‘£2.““' ! heir n-clel are readily seen, the catmlne 
of carmine granules engulL by^u'w^ea's dOT, “ b ™ wniEh ' red CtmntIn!! 
phagocytized bacterial cells deLrlbcTfbovm Eame ^ 38 *" 


OBTAINING OF HEVOLYSINS IN FISH ElOOD 

injectioas of erythroi^les'from oth.^t' 7**? IiBh W ' re glVen Bubc “taneous 
some time specific antibodies caoablr " mal BpccIeB ' 'hey developed after 
of the species whose red blood celle a Eglutinating and lysing erythrocytes 
For the preparation of hemolvHo . " UBBd ,or ‘n»nunizatio„ 

animals can be used. The erythroevt^ 3 erydbroc ytes from rams or other 
(0 95% solution of NaCl) and diluted^ithT \ wasb ' !d three Umc s with saline 
cutaneous injections of washed red btood If' 1:1> F,Sh arB 8 1 ™" Bub ' 
pensioa per 100 g body weight or the "iu “ 1 ml of erythrocyte sus- 
cuta neons injections. 3 daya loart o ’ The fish arc *»« b - 6 aub- 
the caudal fin of the fi Eh is cutoff and th’ I 'M <!l !. ht days after the 1381 injection 
< COl !' Cled ln a “"he The test ,°°k ? mi " e ° Ut trom ,h e c^at 

A "ee one hour Of '°^ UbC ls th '» P^eed in a thermosta 
For del rOIT ! clot b f eentrtfugation an/ °n tbe tranB P a rent serum is 
For determination of the titer of r . d collec ted with a pipet 
nor animal (which served for ftsh l^um^Uo'r 6 er y thr °cytea from a 
nizatlon) are washed with saline 



end resuspended in .he latter to 

of this suspension are added to a s "‘' salme ,„the following ratios 

rum in varying dilutions. Serum t incubated in a thermostat at 

111; 1:2.5. 1:5. 1:10. 1-20, etc. T . ' f t „ w h,ch hemol r5 . S took place the 
25*C for 1 hr, by determining the tub “ *" dan b Ascertained 
presence and titer of hemolysins in the serum can 

PRECIPITATION 

be detected on mixing them 
The precipitating activity of .«« „ hI ch was used in the u»- 

with a solution of foreign protein (p "^ “ted for the presence of 
mumzation of the animal ^hose serum i^testcd ^ pIta , 1S then form 

As n result of mixing, a turbidity first »PP» ^ transpar e„. solution ' of pr«=. 

ed. When the immune serum is , th eT„terphasebet»eenthe serum t and “nUg 

pittnogen a turbid ri^^^/^'he'serum of the P» Kite 

Antibodies which appear in tne mune serum may give P 

cipitlns and are no. strictly f P' c “ ' 0l her closely / lv es 

reactions of precipitation wi P Jmm umzed against huro , uoll reaction 
Thus, for example, scrum of r whereby the pre P mo nkeys 

positive reaction with ^““Soially related > ^Xpecm- « «" 

ts more distinct the more el “ e " d biology to es “ b ‘ “L ,, need In ieh- 

is to man. Precipitation has ls precipitation reac ep dltIer ent 

relationships between various 3 liopary relationship hemolysl n re- 

thyological practice to ' stab “ a d to the same way » » ^ „„ ver y small 
fish species. Fish serum, rVhcn the study is c , ete i y from other tis- 

action, is used as preciplt inog i n (rec ,„g them oomp Jound to pu'P “■ a 

fish, their muscles can ; s purp0 se is '“'S^nd is added to 

sues. The muscle t.ssue used '"class or heat-ster.ll»d diluted 1 1 -> 5 
sterile glass or porcelain T! The carefully d»J on ice The «W»“ 

the mortar for better 8""^™n and left for 'J ' aC l. 9 g. KC1. 0 2 l' 
r ith k RIn ,l";^°A“'tmntis the foUow'Og^ompo^^^h lS 0_g,d.snlW Mtii! 

CaCl 2 . 

850 g. After one day 


eke -alcohol solution nas w e ^ abs0 lute “;^ terrfo ff(t hr o^ hC ”w 

Cl z . 0.2 E. NaHC0 2 . 0.2 g. the extracts *«[ “iter with ,a, “‘ 0T ‘‘i stop- 

„0 g : After one day of e*»cU ■ through « » tubes „ m 

or filter paper) and sterI dispensed in st '” dl „this waycanhe st 
The sterile extracts are then d p ns prepared ml llon 

pers and kept in the cold. Precip and for pn«‘P'' 

several months. orepared for »n ,v,)nalinje ction3 

In this way antigens lntr avenous or int« ab f£ rab bit). Four 

reactions. rabbits are given in ra of bo dy w«g 1 |ion# tria 

To obtain antibodies the an tigen P* r ® after the , fo .„ nd the trans- 

of the above antigen ( gtven El S ilowe d to clo * sers ce of pre' 

injections, 5-6 days apart. »r ^ obta.ned in^“ d thepr^' apd „,er 
bleeding is performed. The is drawn off an hours «y- 1 m> 

parent serum which sepa tblt3 arekept °h pgjnthef ' 1Pel caltes 
cipitins. Prior to 

Theprec.pitatingacbvty r in'^'^BrstMe^'^gundilnt" 1 "" 

of the clear solution of p t *ubes (excep , . jt may ^ activity) . 

tubes.TTmntoeachof thesrt^lAjg Aerum art ad pending °n sort^Aemkenouiaod 

increasing amounts o ^futions in sal * * t 3 7“C; after ~ rla ined by 

l„,ed,10-foldnnd.00-fO d ld k dil ina 


tubes are £ 


appearance in the transparent liquid in the test tube of flocculi which settle at the 
bottom of the test tube in the form of a loose precipitate. This method is not 
always suitable. Precipitation reaction is characterized by the so-called 
optimal zone phenomenon: the intensity of the reaction is not always propor- 
tional to the concentration of antibody and antigen used, but is more pronoun- 
ced when the latter are mixed in optimal proportions. Tor this reason the 
ring test is more suitable. In this method antigen is layered over the immune 
serum, so that optimal concentrations are created at the Intcrphasc between 
these two liquids. 

For the ring test reaction, undiluted immune serum (or diluted 1 : 1 with 
physiological - 0.95% - solution of sodium chloride) is used. The antigen 
is diluted with saline in the following proportions. 1 : 10, 1 : 100, 1: 1000 
etc. Serum is added to 7 serological (narrow) test tubes; 0.2ml of scrum 


are placed in each test tube with a Pasteur plpet, so as not to moisten the 
walls of the test tube. A similar volume of antigen is then allowed to flow 
along the wall to form a layer over the serum. The same pipet may be used 
for all antigen dilutions, provided the highest antigen dilutions are taken 
first. In the first, control, test tube the immune serum is covered with 
saline (instead of antigen). The solutions should not mix at the interphase. 

When the test tubes are kept for 30 - 60 min at room temperature the 
positive reaction is manifest in the appearance of a white dense ring at the 
interphase. The more potent the scrum the thicker the ring. Observation 
a darters tt>r V'T.f The reaction is besl rcab In a good light against 
a rinv i b . rif °n n a' ? h<! ™ nlmal Mncntitration ot antigen capable of giving 
ereate^ accurst ‘° b<! ° bl ' : to detarm *'' c ‘ b “> concentration with 

causes the aonearai ' 2 ‘ 1 "“ 0 " 3 0f thB ““Sen close to the concentration which 

used m the first rina t bC U9 ' d <‘ n9 ‘ aad : 10 dilutions 

used in the first ring test) (for example dilution 1:100, 1 ; ZOO, 1 -300 etc). 



ELECTROCARDIOGRAM RECORDING ,N LONG-TERM EXPERmENTS 
v A Remorov 

, T^WSU..U B ^»» VV Knib^trj 

p« P »itm*ot o< Hu»*» ‘“J 

t (» life In an aquarium, a 

In order to obtain ECO of «» h ‘'^"fhe K)-1 cathode 

battery-fed amplifier of bloeurrcnts aad « = „ the of wOW 

must be used. Bits of small rl ‘ h ^°°",“trodes. The flsh-to 0 * “JS.d 
light conductors may serve a * ®Pj\ . Q the conductor Is care “ , the nook 
and the point at which It Is sol ^ Bur(<c c of the bent part bod? mi 
by polystyrene, so that only t i nt the contact between th k floating 
remains non-insula.ed A. tta. £££££ pass through . 
the hoolt is made. The ends ® *'■' c r 0 “°" ctrode , to the Input of the 
on the water. Further conncc o. tbe fish, 

tier to done by shielded conductors. rted ,„to the body 

For the experiments, electrodes or. ^ ^ „„ „y part «D form o[ 
one at the anterior part of the lth the n id or thin v .T.m the fish 

The electrodes arc fixed to muscles »• 1Ml electrode ,, 


For the experiments, P'-'^^the other on any p£ 
one at the anterior part of the lth the aid or thin ^ the bsh 

Th. electrodes are fixed to ““ ac ‘“ 7 ab dominol clc' tr ° d ' ' provided 
the ECG depends on the locatlon ot the a „ Mosrl« P ^ 

xeem. .eenstomed to the electrodes. I P , he aqoanuPt 


the ECG depends on the too * 1 ™ ' ” „ iB placed In »" a 0“ lho uld be 

seems accustomed to the elect r° the'latter case the aquarium 
with an iron or glass bottom. fl hown that fis 

placed on a tin sheet plate. deg on fish behayi food do 

Studies on the effect of ' =‘ a ' y hours at . «» • s>n)C aquarium 
with fixed electrodes swim quie F present " the , he water ° 

differ in any »,£-*«- * £?£*-. conductor m J- 

the aquarium should be 

dered to the bottom ^ * c„he ampler 

10 cm wide connected to the MO or „ . train P^^ple 

aquanum. electrocardiogr P amplifier = 

The ECG Ib recorded on ntaln an extern hron em u 

In the latter case the lead s* ou ^ ram of gourami (O 
of such recording on elec Fieur e. 

go ramy) can be seen in 
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The method described above is a convenient one since it permits simulta- 
neous observations on the respiratory movements of the fish. To this end, 
the abdominal electrode is inserted into the body over the skin layers in the 
region of the heart. In such a case the electrocardiogram shows fluctuations 
of the potential in the respiratory rhythm superimposed by prong complexes. 



METHODS OF STUDY OT RESPIRATION IN FISH 


N S Stroganov 


(Moscow Sutc Uwvm ly Im MV Lomonosov) 


CMtMCAL AND PHYSICAL METHODS FDR WATER ANALYSIS AND METHODS FOR PREPARING 
CHEMICAL AND PHYSICAL™^ ^ ^ FART1AL PK SSUR£ 


Determination of Oxygen Disaolsed in Water 

Determination of oxygen by the method of Winkler 

. -waived (n water is determined by the method 
The amount of oxygen din so V o „ r experiments on oxygen uptake 

proposed by Winkler i , we si)all here describe the original 

by fmh purified water IS employ d ^ odlflcallo „ s whlch must be introduced 
method without dwelling . oxidizing or reducing properties 

for analyses of water with incr successive oxidation-reduction reac- 

The method is based ™ tlon the oxygen dissolved in water 

tions In the r° urse ot th ' rs " th e second reaction, free lodme e^ivalent 
becomes fixed, in the cours [ hbl . ratl . d _ a „ d |„ the course of the third 

h^osulphite^sed makes use of the following chemical 
The method ot 
reactions 

2 MnCl 2 + 4 NaOH - ZMnCOH) 2 + JNaCl 

2 Mn(OH) 2 AO*H 2 O.ZMn(OH) 3 

2 M n(0H, 3 AZKIA3H 2 SO 1 -K 2 SO 1 + eH2O t . 2 

I 2 + 2Na 2 S 2 0 3 - Na 2 S 4 0 6 + 2NaI 

the elements in 



2Mn ++ (0H) 2 + O - 2Mn + ' H iOH) 3 
2Mn + + 4 ' <0m 3 + 2K! - 2Mn ++ + + I 2 
j2+2Na 2 ' | - S 2 03~ - Na2 + S40c“" + 2Na + I" 


fn Srr" ‘p^-ntTn waic;” 

l0 1om e c rr ° ra ? determ * nat * on of .ha coMom! hC nb ° VC rC ° Cli ° nB ^ 

the fixation of P oxygcnd°s"olVed h in» r f '"’‘‘m!' 8 st,cond reactions represent 
dissolution of the precipitate with .t^m' Thc th!rd reaction involves the 
fourth reaction represe„tsth t !nr-,H 1!bc , r f fee iodine, while the 
sulphite. For convenience Kr il an”.. 0 / ,rcc lodlna “ith sodium hypo- 
ture is poured into the pyknomrter 1 1 t0 thc NaOH solution, and thlB mix- 
and NaOH + K1 are frequcX c ’u cd 'Z \" e J “T 10 "' Tha MnClj 

ous hydroxide) Is a whUe precipitate M (am ? a8anla - Mn(OH), (mangan- 
brown precipitate. The color Intensitv ° 3 (man B :ln ‘o hydroxide) is a 
oxygen fixed. The difference bMween the T'’!”” 1 to lhc “ mount °< 
e principle of the method for the coin i ° the lwo precipitates forms 

proposed by ,. N . Arnald g0 J g* d f'?™ lna “°" °' oxygen 

The fixation of free oxvwn a, , g0 (r ° r Nsh-brecdlntr nurnoneii) 

decrease r 8e in °W> ooncemrT.iof h l * dro * ldB is sufficiently rapid. 

the nre=lmf" d bcabraBB very slow i » Z 'J ,ha rata ° f ‘» B reaction 
the brntom oMh° f Mn(0H) 3 formed 1, a JL ° f <***«» faces. Besides, 
acid pH One m ° f omalnor - Since the subse' ° S ^ ° na and BBt,leB slowly on 
of Mn(OH) Rn U .L wa ** a cc rtain time to aii.^ 11 reaction takes place in an 

meter wllftot coml lathe d ‘" E aold <ha BO 'atIon q d“pi l ac tI d < f pracip “ atlon 
min suffice for the premnlf^ Precipitate of MniOfH * * Bb iromthepykno- 
tom. and for lh. , lplta,e 01 Mn(OH),to srM, 3 ‘ As ° ‘ 60 

time, the precipitate Uyer of ,h e solution to ols quan,ita “ VBl )' on the bot- 
The be dissolved and he “ r aoraplB ‘ B ly- After this 

storage shoffi b l ^ beTol t .^J 0 ^ tUratBd - 

° n Vh 7ZtZlZ ST^ 1 ' 18 r ' =0mra ' ndad ‘O car^oiftt^fr 
^‘^-“-soLd^r; “» ‘“- a - «« 

does not lead to the ™P h °«P hor lc or sulfurta arM P 11 ls better to 

a Ion n ‘ he preBl Pitate hasT"* 10 "'” 1 ab °re. ld8 ' The of <hcBe acIdB 
a long time without tlt„» bacn dissolved ih 

will oxidize aU organ', ?£££?«.. bb ‘ be >ef« for 

anCM Whlab "ay be pre^ “ “firing agent. 

fn the water sample 



The fourth reaction is a rapid one. It must be remembered that free iodine 
is volatile, and the iodine dissolved in the sample may partly evolve on 
standing m an open titration vessel The volatility of iodine increases with 
temperature rise Hence, the sample transferred from the pyknometer into 
a conical flask should be titrated immediately. At first sodium hyposulphite is 
added without indicator, until the solution is almost completely decolorized. 
When the sample is almost colorless, starch solution (indicator for iodine) 
is added. The sample assumes a blue or weakly violet color, depending on 
12 concentration and on the color of the water sample Further titration 
should be done carefully, adding sodium hyposulphite drop by drop to full 
decolonzation of the sample When the sample is decolorized, the aliquot 
of the sample is returned to the pyknometer to rinse it from the remaining 
free I 2 and the solution is again decolorized by adding sodium hyposulphite 
drop by drop. The amount of sodium hyposulphite used up for the titration 
is recorded and the water oxygen content calculated 

If the water sample contains a high concentration of organic substances or 
products of metabolism, the permanganate modification should be employed 
this consists of preliminary oxidation of the sample by permanganate in acid 
medium. 


Determination 

. For sampling and oxygen fixation pykno- 

Glassware and reag orP necessary. The stoppers should 

meters or flasks with ground stopp DV knoroeter no air bubbles 

hnve a taper, so that during =l 0 Mr ffth should bc calibrated, 

will remain. Before the determlnati . PJ sample ,s smaller, 

50 -70 ml pyknometers ar« : J ,r ' t " abI rbe deterI „matlon should be earned 
3-5 ml pyknometers may be used, me oeieri 

out very carefully. mllowlna- the pyknometers are carefully washed. 

Culib ration consists of the foUowtag. P)^ to 0 01 g (the volume of 

dried, numbered and weighed (tare) * ta ometers are then filled with distilled 
the pyknometer is 50 - 70 ml) J h the outside is removed by 

water at room temperature, the - h ed with the same accuracy. The 

filter paper and the pyknometers are r g thc pyknometer To col- 

difference in weight shows he we gh »' «“ mu mplied by the corres- 
culate the volume of water the weigh ‘ o( water The product s the 

ponding coefficient for the given var l„us temperature, may be 

volume of the pyknometer. Coeffcli de " (sputnik Ktumika) (Vol. D - 

found in the handbook are needed-four 1 ml plppe * 1 .«£ 

Six Mohr's pipets (or graduate d.pipe^ ^ tlt „uou burets (better wl 
3 ml pipet and one 20 m pipe I (graduated) ^ ^ ^ lob>1 vol „„e of 25 ml) 
milky band and graduations • us£ . d for titration t s (analyti- 

Five 150 - 200 ml corneal flask ^ chemically pure re ! “f K1 reagent. 

The solutions should be ' Pf®J^ w be paid to the P ** 1 *? 0 th fa t completely 
cal grade). °< «. or 

This reagent should not jy &ppears during photo r cnt assumes a 
free of molecular iodine ^ j 3 contaminated fthe reagent 


free If ICHs 

weakly yellowish color) it should be dried at 

turns white). 
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1 MNC1, 32% solution, and 2 NaOH, 32% solution + Kl, 10% solution, 

these BhSe stored in the dark. KOH may be used Instead of NaOH. but 

in 1.5 times greater quantity 

3. H,S0 4 1 1, or H3PO4 concentrated (85%) 

4 0 2% starch solution (should be freshly prepared). 

5' Na-SiOi 0.01 or 0.002 N (when small pyknometers are used). 

Sodium hyposulphite of approximately known normality is first prepared 
and then standardized by titration with a standard solution of potassium dl- 

chromate K 2 Cro07. . 

preparation and standardization of sodium hyposulphite 
solution . Solution of sodium hyposulphite of desired normality is prepared 
in the following way: distilled water is boiled to kill any bacteria present 
and then cooled. A weighed sample of Na2S 2 0 3 is dissolved in distilled 
water prepared in the way described above. It shoud be remembered that 
in this reaction hyposulphite acts as a reducing agent, and its equivalent 
weight is unity, hence its normality is equal to molecular weight: 

(N -S^). 


Preparation of 0.0111 solution ol Weigh out 2.48 g of the salt 

and dissolve in water. Make up the volume with distilled water to 1000 ml. 

To preserve the initial normality of hyposulphite for longer periods of time 
it is recommended to add a preservative to the solution (a drop of metallic 
mercury or thymol crystals) and the stopper should be provided with an ab- 
sorption train containing soda -lime {to absorb C0 2 from the passing air). 

The bottle containing the reagent should be wrapped in black paper or stained 
black (to protect the solution against light). It is desirable for the solution 
to be kept for 7 - 10 days prior to use (during this period its normality alters 
greatly). 

For standardization of the hyposulphite solution an accurate 0.01N solution 
of potassium dichromate is prepared. For this 0.4903 g of very fine crystals 
of twice recrystallized potassium dichromate (K 2 Cr 2 07)are weighed out, dis- 
solved in diBtllled water, and made up to a volume of 1000 ml. Such a solu- 
tion may be kept for a long time in a clean bottle. 

Determination of the normality of sodium hyposulphite solution is based 
on the following reactions In acid medium the dichromate decomposes with 
the liberation of atomic oxygen, which then acts on KI and liberates equiva- 
lent amounts of free iodine. The latter is titrated with hyposulphite At the 
end of the reaction, starch solution is added as an indicator. These reac- 
tions can be represented schematically in the following way; 

K 2 Cr 2°7 K 2 0 + 2Cr0 3 

UCr 2 0 3 + 30. 

in order to dissolved K^plsJd 0^3 addes? ^ medium mu8t be acid ‘ 

K z O + Cr 2 0 3 + 4H 2 S04 = K 2 S°4 + Cr 2 (so 4 ) 3 + 4H,0 
net reaction: z 

K 2 Cr 2 0, + 4H 2 S0 4 . K 2 S0 4 + Cr 2 (S0 4 > 3 + 4H 2 Q + 3 0. 


As a result of this oxidation- reduction reaction, three atoms (or six 
equivalents) of oxygen are liberated. The normality of potassium dichromate 
is equal to the molecular weight divided by (N * — — ) This reaction takes 

place only in the presence of oxygen acceptors. For our purpose KI and hydro- 
gen ions serve as oxygen acceptors, in this respect iodine ions are the donors 
or excess electrons, while atomic electroneutral oxygen is the acceptor. The 
reaction takes place according to the following scheme 

30+ 6KI + 3H 2 S0 4 = 3K 2 S0 4 + 3H 2 0 + 3I 2 


As a result of this electron exchange reaction, iodine ions lose electrons 
and arc converted into molecular iodine, while oxygen atoms acquire electrons 
and are converted into "ionic" oxygen which immediately combines with hydro- 


gen ions to form water. 

The reaction which underlies the titration of free iodine 
sulphite takes place according to the following formula 


with sodium hypo- 


3I 2 + SNajS^s = Na 2 S 4 0g + 6NaI 


of the reaction. t„,„ a 100 - 150 ml flask the following 

Standardization of hyposulphite. In . ... + 3m i H 2 SO 4 25ft + 

reagents are poured in the : order adding po m 5s ,um dichromate to 

20 ml 0.01 N K 2 Cr,0,. r [he solution a dark-brown- 

this medium, free iodine begins to PP . S p,, fiaak should be cover- 

yellow color. To prevent the ^snape^ of fee ^ mtJlecuIes 0( ppiass.um 

ed with a watch glass, and left for Smln, c5 as th , primary standard, 

dichromatc to react with KI. Since K 2 n For thls purpose 

exact amounts of potassium d, chromate must be 

graduated Mohr's pipets are used. „ lirsl added rapidly from a 

For the titration or free iodine, hyp P weakly-yellow color, it is 

buret, and when the titrated s ° 1 “‘ l °^ aS only a bar ely detectable yellow sh 
added drop by drop until so h,tlon Is added and the so ution 

tinge. Thereafter, 0.5ml of 0.2* " ^..appearance of the blue color (the 

s„lph"e”soluUorin ‘.his “ H^oluThhe «*'“ 

solutions should be matche it ^ deternun ation should _ ^ than 

change the color of Cr 2 (S 04 ' 3 « gr from one another by norrn ality 

least In triplicate. It the r j average figure Is ,ak '"J^ ly 20 ml <* ° D1 N 
0.02 - 0.03 ml of hyposulphite.! For sample- ration, 

of hyposulphite determine ml 0 f hyposulphite we 

solution of K 2 Cr 2 0 7 were taken. 
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This means that the hyposulphite solution is 


_ 20 

the correction will be A « ■ 

not exactly 0.01N. To calculate to how many 


hvnoRiilnhite*B ml of hyposulphite used up for the titration of the sample cor- 
yP P - should be multiplied by the correction A. The normality ot hypo- 


eepond, B should ^' e “‘ k “‘j'p'" i ' od j',. ally- slnce It changes gradually. 


SU ^net ! e^mlnatlma^ ,1 pyhnometerB"are"carcfully filled with water to be 
Tlvred bv means of a syphon. The syphon is placed on the bottom of the 


analyzed by means of a syphon. The syphon is placed on the bottom « «“• 
pylmometer and water to poured In. The Inflowing water ascends relatively 


slowly and replaces the upper water layers which contain a certain amount 
of air The upper water layers should he replaced to one third of the volume 
of the pyknometer. After this, without closing the pyknometer, 1 ml of each 
of Vfinkler'a reagents arc added. The pipet with the reagent should be placed 
Inside the pyknometer at approximately one third of Its height. The reagent 
should be poured slowly from the pipet. To prevent rapid discharge of the 
reagents, the tip of the pipet should be as thin as possible. First sodium 
hydroxide solution with KI is added, this being followed by MnCl 2 * After the 
two reagents are poured inside the pyknometer, the latter should be stop- 
pered so that no air bubble is left under the stopper. The content of the 
pyknometer is mixed by gently turning the pyknometer upside down. The pre- 
cipitate formed is distributed throughout the pyknometer and assumes a color 
the intensity of which depends on the oxygen concentration. The sample with 
fixed oxygen is kept in a dark place for 1 - 2 hours or 1 - 2 days, depending on 
the time when the analysis continued. After this, the pyknometer is care- 
fully opened and 1 ml of concentrated H3PO4 or H2SO4 (1:1) is added. The 
pipet with acid should be introduced inside the pyknometer for one fourth its 
height. The acid is carefully poured Into the pyknometer, otherwise the 
precipitate Is disturbed and may ascend to the top of the pyknometer and be 
lost in part during closure of the latter. The pyknometer is closed with the 
stopper so that no air bubble will remain under it. After mixing the content 
of the pyknometer, one must wait until the entire sediment has dissolved. If 
the precipitate dissolves slowly (this occurs when the sample with fixed oxy- 
gen has been kept for long time) the sample should be mixed several times. 

After the precipitate has completely dissolved, the solution can be titrated. 
Fleet the normality of the hyposulphite solution Is determined. Then the con- 
tent of the pyknometer is transferred quantitatively into a conical flask and 
titrated with hyposulphite to produce a hardly detectable yellowish color. 

After this, 0.5 ml of a 0.2% solution of starch is added and the solution is 
again carefully titrated with hyposulphite until the blue color disappears 
completely. Part of the decolorized solution is then poured back into the 
pyknometer, and after rinsing the latter the solution is again transferred 
into the conical flask. The solution should assume a pale blue color, and 

ng , all i, l !,* ralCd 1 ’ l| h”' rs l hyposulphite and discharged from the 

buret until complete decolorization of the solution. 

The final result or the titration is recorded. 

Calculation: For our purpose the amount of oxygen dissolved In 1 ml 
of water prior to (m 0 ) and after (m,) the experiment should be dSie” 







<m 0 - m t )V 


r„ h hyP ^ Ul f h ' ,e USCd f ° r ““‘‘•“"Hhe sample before (n„) „,d after 

(n,) the experiments; A -eorrectionfor the normality of hyposulplme- OOB- 

foledeft^ ih V ° anl J Vj-thevolumesofpyknometersw,thwatersamplesprfor 

to and after the experiment; v -volumeof Wtnkler's reagents added (in our case. 

ZTr^TfT " inwhlchlhe '-ahwas plaeedfor the experiment; P - 
weight of the fish; t-duratton of the experiment (In hours); K-amount of oxygen 
taken up by the fish, expressed in milligrams of oxygen per I g body weight 
per one hour (mg 0 2 /g/hr). If the fish is relatively large, its volume should 

also be accounted for. In that ease not V but V-P is taken. Jf one wishes to 

express oxygen uptake not m mg but in ml. then the multiplying factor will br 
0.0558 instead of 0.08. 

If the water sample contains considerable amounts of reducing substance, 
the permanganate modification ought to be carried out. To the sample to be 
analyzed 0.3 ml of H 2 SC>4 (1:1) are added; this is followed by adding 0.2ml of 
approximately 0.1N KMn0 4 . The pink-colored water is left for lOrain. The 
pink color should not disappear (indicating KMn0 4 excess); 10 min later, 
0.2ml of a 3% solution of K2C2O4 are added (to decompose KMn0 4 excess). 

To the decolorized sample, Winkler's reagents are added (first Na OH + KI 
and then MnClg). The subsequent procedure is similar to that described above. 
For calculation one must account for the volume of oxidizing reagents added. 

In our case it will equal not to 2 mi as in the original method, but to 2.7 ml 
(0.7 ml added prior to adding Winkler's reagents). 


OXYGEN DETERMINATION BY MEANS OF POtAROCRAFHIC MFTHCO 
The method of electrochemical analysis proposed by Yaroslav Heyrovsky 
(1937, 1951, 1958) is known as the polarographic method. First it was used 
for the analysis of cations, but soon it became widely used In the determina- 
tion of various substances. Determination of oxygen In water is a particular 
example of the use of polarographic methods of analysis. The following 
phenomenon accounts for the method: If direct electric current is passed 
through an electrolyte, then at a certain EMF positively charged particles on 
the cathode will accept electrons, become reduced and precipitate; the sub- 
stances on the anode will lose electrons to the anode and be oxidized. In other 
words, electrolysis or reduction-oxidation reaction will take place. When 
instead of one ordinary electrode, the so-called constant electrode, another 
(self- regenerating) dropping- mercury electrode ta used electrolysis will 
take place in a very email volume of the solution owing to the small *!«««<»' 
drop. Owing to constant regeneration of the surface (the Crop, are conslant 
ly formed! the dropptng-mercury electrode Is not subjected to chemical 
changes during the passage of electric current. This enables 1° ” 
a correlation between the nature and tprantlty of the reducible , 

on the one hand, and the current and EMF on the other hand. For the analysts. 
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current-voltage curves are plotted. The nature ot the substance is shown 
by the location of the curve on the graph, and its concentration by the 
height ot the curve. Hence from polarization curves (polarograms) ob- 
tained with the aid of polarographs, one can determine the concentration and 
nature of the reducible compound in question (Fig. 1). 

This method is sufficiently simple and satisfactory for the analysis of 
numerous electrolytes and nonelectrolytes capable of undergoing oxidation 
and reduction on the surface of the electrode. 

Let us now discuss the theoretical aspect of this method, and the conditions 
under which the analysis should be carried out so as to obtain reproducible 
results. 

As has already been mentioned, the passage of current brings about the 
precipitation of ions. Different ions precipitate at different EMF, i.e. dif- 
ferent ions have their specific reduction (or oxidation) potentials which 
serve as the basis for their qualitative determinations. In a general form 
this can be expressed in the following way: 

„.n+ u ,.o 

M + ne -* M . 

IonB with positive charges n (n +) may undergo reduction and become 
converted into electrically neutral ions (M°) by receiving a certain number 
of electrons (ne). For this reaction to proceed, one must apply a certain 
EMF, E, which consists of decomposition voltage and voltage necessary 
to overcome the resistance of the solution IR. The decomposition voltage 
is equal to the difference between the potentials (potential peaks on the 
electrode -electrolyte boundary) or the anode and cathode (E - E) 

E = (E a - E k ) + IR. 



riCURt I. PoUrUailon cwyc (rolarogrim) 

1- d,c^p O .tt | ««» 0 i Ug . i 2 . hijr-w^e pot„. 
tul. J, fUuau - rfiffuaioti current 



JSr.-r* 1 pass!r, s through the electrolyte is neglimbly 

small (hot more than 10 «A); mnce the conceutratton of the reducible lo?U 

duct l ! R d l a 1 'nerflrfhl !mCe d «si«!lyte does not exceed 10 ^ ohms, the pro- 

duct IR is negligibly small and can be ignored. * 

?,r, lar f °,l raphl ,t < a' :h l qu ' !s the SUrIa ' :e the “ ode 18 considerably larger 
than that of the cathode. Owing to this, the cathode becomes poUmed in the 
course of electrolysis, and its potential changes, while the anode (with a 
considerably larger surface) is polarized to a slight extent only and Its 
potential remains practically constant. Arbitrarily the potential of the 
anode is taken as 2 ero (E a * 0); the EMF applied under these conditions 
is equal to the electrode potential of the cathode 


When the dropping-mercury electrode is used (as a cathode) the ion dis- 
charged on the cathode forms amalgams. The magnitude of the cathode 
potential as a function of concentration is expressed by the equation of 
Nemst: 


E 


KC 

[Me n+ ) 


where R-gas constant; T - absolute temperature, n - the valence of re- 
ducible ion; F - number of electrons equal to 96,500 Coulombs, K- 
constant of the given metal; C - metal concentration in the amalgam; 
[Me n+ ] - metal ion concentration in the solution. 

The amount of the metal deposited is proportional to the current 
strength I, i.e. C = Kjt. 

By substituting this expression in the former equation we shall obtain: 


E * 


RT 

nF 


In 


KXKiI 

[Me" + | 


or E = 


RT 

nF 


In 


Kgl . 
[Me aT ] 


This equation solved for current strength gives: 


I 


fMe"*] 

K, 


-E F 



where e is the base of natural logarithms. 

This equation of the current-voltage curve is expressed by an exponential 
function aid baa an S-ahaped form with a bend at .he b-fludb» (« ■* «* 

pwSIdtaE form of a polarogram fcurren.-rol.age curve) of come 
”55 — . determmed by mean. 

ASSESS-- by ... deposition potential. 
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FIGURE 2. Cwwnt-voUage curve lor iever»\ 
wbruact* jlmultjfieously prewnt la the »olu- 


Concentrations are determined by the height of the wave P °^ r °f™™ S cur- 
one the same eubstance tahen In two concentrations le shown in the cur 

rent-voltage curve In Fig. 3. 



F1CUR£ 3. Drpc*ttloo pottaUl (depotUlott cf the 
fuhtMnc* on the electrode) ai a ftaactloo of ccocen- 
tritioo of the fubttaace la the loiutioo (rwo cooccn- 
tratlcot 1 and 2) 

V i and Vj - depcaitlOT potent lali at varlooi ccoceo* 
tratlcoj, Vj — half-wave potent Lai, bj and l>2 ~ 
heigh* of w*»e» at vartow concentration* 


The concentration of the reducible substance to be analyzed is determined 
by the height of the wave. It can be seen from Figure 3 that deposition poten- 
tials of one and the same substance vary, depending on Its concentration in 
the solution. Hence the determination of the eubstance (qualitative analysis) 


not Z F ZT S1 } V ' a " d V *’ iS The half-wave 

potential V which depends on the nature of the substance and not on , 1 , 
concentration is more constant. fMf-„ve potent.als of many elements 
are compiled in tables (Lur c, 1947 and Heyrovsky, 1951) 

Concemratton ,a judged from the hetgh, of the wave, tftth increase in 
voltage on the cathode to the value of the reduction potential ofthe reducible 
substance (for example of oxygen) on the electrode surface (for example, on 
the dropping-mercury electrode) the substance ts reduced. As a result the 
amount of reducible substance at the electrode surface decreases, and other 
particles of this substance will diffuse from the bulk of the solution towards 
the electrode A stationary state ts attained between the amount of the sub- 
stance undergoing reduction on the electrode and that diffusing towards the 
electrode. During such a stationary state the current remains constant. 

The rate of diffusion of substances to the electrode depends on its concentra- 
tlon, hence the current also depends on the concentration of the reducible 
substance. For each concentration of reducible substances there Is a steady 
state with Its constant current, such current being called diffusion or maxi- 
mum current In other words, the concentration of the reducible substance 
can be determined from the height of the wave or from the magnitude of the 
diffusion current. 

Particles of the reducible substance reach the cathode not only by diffusion, 
but also by migrating in the electric field created by the electrode. Hence, 
the maximum current consists of diffusion current (discharge of particles 
diffusing towards the electrode) and migration current (discharge of migra- 
ting particles). Since only the diffusion current is proportional to the con- 
centration of the electro reducible ions, for quantitative analysis it is essen- 
tial to eliminate the migration current. To this end a "background" is intro- 
duced into the solution to be analyzed. The "background" consists of an in- 
different electrolyte (usually 0.01N or 0.001N solution of KC1). Ions of the 
Indifferent electrolyte are reduced at a potential which is considerably lower 
than that needed Tor the reduction of the reducible substance to be analyzed, 
while the Ion concentration of the indifferent electrolyte exceeds many times 
that of the substance to be analyzed. All positively charged particles will 
move In the electric field towards the cathode. Since the concentration of ^ 
substance to be analyzed Is considerably lower than that of the "background , 
the number of particles of the former moving towards the electrode under 
the influence of electrical field is negligible as compared with the number 
of diffusing particles. Only particles which diffuse to the cathode will be 
reduced in practice. Hence the magnitude of maximum curr‘nt will be 
equal to the diffusion current. 

Ilkovic proposed the following formula expressing the dependence .of 
the magnitude of diffusion current on the concentration of the electroreducib e 
ions (or uncharged reducible particles); 

1 * p.627XnXFXD 1/2 XCXm 2/3 Xt 1/6 , 

-diffusion current in amperes; 0.627-aum of numerical constants, 

wherei Faraday number (96500). D - diffusion coefficient (sqcmj 

„ - £ e „,Sto. mole/ml: m - mas, cl mercury dropping from 

fhe capillary In^lnic unit, mg/aec; t- ftfe ofth.drop(droppingperlod), In arc. 



To da.crm.ne .he concen.ratton, le. us wri.e this equation in relation 
to C. 

C < 


i 


0.627 XnXFXD ,/z Xm 2/3 Xt 1 


In this formula, the most difficult to determine is the diffusion coefficient. 
This circumstance hampers the wide use of this equation in analytical prac- 

With the increase in concentration of the diffusing substance, the diffusion 
coefficient continuously decreases. This Is more pronounced with neutral 
molecules than with electrolytes. 

The diffusion coefficient is not only difficult to determine, but does not 
represent a characteristic property of diffusing molecules or ions. The 
diffusion coefficient also depends on the properties of the solvent. In other 
■words, diffusion is a characteristic property of the entire system. 

While deriving the Ilkovic formula, it has been assumed that around the 
growing drop of mercury in the dropping-mercury electrode there is only 
a symmetrical spherical diffusion, and that in the presence of a constant 
amount of electrolyte the maximum current of electroreducible ions consists 
only of diffusion current. The maximum current, however, consists of dif- 
fusion and additional currents. The additional current not accounted for by 
the formula comprises about 20% of the maximum current. The supporting 
electrolyte affects the diffusion coefficient of the ion to be analyzed and the 
higher the concentration of the electrolyte, the greater its effect. 

Ya.P. Gokhshtein (1953) showed that when capillaries with a dropping 
period of 2 - 7 sec were used, the average additional current comprised 
23% of the main radial diffusion current, he suggested that the Ilkovic 
formula for the reduction of cations and ions of the type HjPbOj" 1 should 
be empirically modified 

I max ■ 744.2 XzXcXD'' ! Xm 2/J Xt 1 ' 6 

where I max - maximum current, z - Faraday number, D - diffusion coef- 
ficient, c - concentration, tmUlmoles/loOOml, m - mg of mercury drop- 
ping from the capillary per second, t - duration of mercury dropping. 

In the case of electroreducible ions of the IO \ and Br O \ type which under- 
go reduction on the dropping-mercury electrodeat an overvoltage, the for- 
muia is aB follows: 


'max * 46S.9XzXcXD‘' 2 Xtn V3 Xt 1/6 


troS^cont^,' on? «d flC ?m° n , E may be used ln cases when the foreign elec- 
4SrynfT-? sec 0nly - at,d the rat ' 01 (from the 

is difficult aa'yet^'to use°thelto^ m r Cal cc,mp0i,ltion of natural waters, it 

the ooncemration ot oxygen ^ * -'Nation of 

Of calibration curves is^tiU used Th WatGr * For thiB reason the method 
U U8ed * These curves are plotted from the 
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measurements of heights of polarographic oaves in media with t,™ 
centrations of the substances to be analyzed and under cnnrht , n .f° n * 
experiment itself. Let us consider the particular case of preparing callbra 
tion curves from which the concentration of oxygen dissolved f„" its ? cm 
be determined, 4 - 5 samples of water with var^ng concern™ ™?," ™ 

, °' 5 10 "e°2/1000ml. are prepared. Oxygen oS. 

tion is determined by the method of Winkler. The height of the wav. 5„r 
the diffuston current is determined for each sample. The diffusion current 
as a function of oxygen concentration is then plotted (Fig. 4). Thereafter 
the sample to be analysed is subjected to polarographic analysis, under the 
same conditions as those used for the preparation of the calibratton curve 
and the height of the wave or the diffusion current are determined The ’ 
concentration of oxygen dissolved in water is calculated with the aid of the 
calibration curve (analogous curve ul Fig. 15). This method is rapid and 
simple. 

In 1938, Pettenng and Daniels used 
the polarographic method for the determi- 
nation of O 2 in their studies on the respi- 
ration of animal tissues. Wood cells, 
yeasts, etc. and concluded that this 
method was better than the manometnc 
or Winkler's methods. 

Determination of 0% in water. 
For the determination of oxygen dissolved 
in water a polarograph is required. 
Heyrovskyand Shikata (1925) described a 
convenient apparatus with the aid of which 
one can automatically register current- 
voltage curves on photographic paper po* 
larograms. At present, portable polaro- 
graphs with selfrecording devices are 
commercially available. However, not 
every physiological laboratory is equipped with such on apparatus. For this 
reason we shall describe a simple polarograph which can be constructed in 
any laboratory. Such an apparatus will give results not less accurate than 
those obtained with automatic poiarographs. The main parts of such an ap- 
paratus are: l) a capillary tube with an Inner diameter of 0.03 - 0.07 mm 
and about 30 cm long. The capillary tube should be connected with a mercury- 
containing bulb by means of a rubber tube, 2) electrolyzer - a chamber 
where the simple is arwlyied, SI calomel electrode with saturated KC1 
solution. 4) source of current to feed the system (accumulator at 3 volts), 

5) a device for measuring the current strength (galvanometer with a scale 

with 200 divisions, for example Longe’s galvanometer. 1° • 1.4 

inner resistance 4400 ohms, or a mirror galvanometer, 1° —1.020 am 

this purpose the chamber for elect ^lysi ' p rate me drop per 

TT^Tm IhafSe the «T«ge between the electrodes gradually tncrea.rd 



of oxygen concentration 



with the hid Of a ^ * ““ give m^lmuJdancclSn of the 

|—:rer rit-e^ron - . *» P-nUontelor .. then 

returned to zero. 



FICURt 5. Schemllte r«pfe*«nUtlec of poUrognph 

l- xcctmroUux for 3 voiu, 2- rfxoiut, 3- rbeotut far 20 - 30 cbni, with eiilly 

BitTvjbl* contact, A- voirmeter, 5* reKrvoir fc* mtrzary (Jrpjritlnj funnel miy bt tiivd), 
6- e»plll*ry hi>«, 7- electrolytic chamber with the *ub*Uoe* to be analyzed, 9- V*»Ver 
wUb V.C1 iolulicc and an aju bridge between the calomel electrode and \be electrolyzer; 

9- calomel electrode with uttrated KC1, 10 and 11- tetutaoce fee 10,000 ohm* (coe 1» 
connected in a row with the galvanometer and one parallel to the latter), la thU particular 
care they repceient the tbunli of the galvanometer, 12- vertical galvanometer (seorttivity 
to 10"® ampere* per 1 rum of the Kale, at a durance of 1 pi from the galvanometer), 

11* light loud fee the galvanometer, 14- Ktl« 


Obtaining of polarograms. Having adjusted the resistance of the 
shunt, the voltage is gradually increased by 0.1 volt and the current strength 
1b followed by the deflection of the needle. Having obtained the values of 
current strength for various voltages (to 2.3 volts for example) the potentio- 
meter is switched ofr and returned to zero, and the current -voltage curve 
is plotted. The flattened upper part of the S- shaped curve is almost parallel 
to the abscissa (voltage) and expresses the magnitude of the diffusion (maxi- 
mum) current. 


The resistance of the galvanometer shunt remains unchanged and water 
with lower oxygen concentration is tayen and subjected to polarographic 
analysis. Having analyzed 4 - 5 samples o! water with varying oxygen con- 
centrations (as determined by the method o! Winkler) and having plotted 
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polarograms for each sample, the magnitude of the diffusion current char- 
acteristic for each concentration can be found Thereafter a calibration curve 
is plotted. On the abscissa galvanometer readings are plotted, and on the 
ordinate oxygen concentration is plotted in mg or ml of O2 per 1000 ml. By 
joining all points, a rectilinear curve should be obtained. This is a calibra- 
tion curve for one given temperature. Similar calibration curves may be 
obtained for different temperatures. In Fig. 6, calibration curves for 10,15 , 
20 and 25 “Care illustrated. 



, j for de««rmlal»8 of o*yg« conc 
FIGURE 6 Sundirf curv* 

With the aid ot the standard ^ 

ix y£en in the sample th e same a. these nnder 

m^be sample .a 

Oxygen concentration ‘ ^ , nt0 ths electrolyzer ; and^^ , [rom the 

/ater to be analyzed I P through the capillary- d (commencing 

o drop from the reservoir and ^ graduaU y Increase^t^ ^ ^ 

tccumulators) is switche • diffu3l0 n current ^ Jd in the sam- 

rom 1 .2 to 1 .8 - 2.0 vol s> ‘"^ration of oxygen ^ 830, ding diffusion 

dd or the galvanometer) ™.cn» aOT ^ ([r om the cerre 

>Ie is determined from th Heoending on the aim of 

:urrent). A iectrolytic chamber may vary* P 7) roe rcury drops 

The form of th^ ekctrol^i ^ Daggar chamber <F* 
he experiment. In to 
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from a capillary tube onto a mercury column placed in the outlet tube and is 
collected in a beaker Through one side of the chamber platinum wire is 
passed, the latter is connected by means of the anode (+) to the circuit. Tnu 
the constancy of the current in the galvanometer is secured. 

Instead of a dropping-mercury electrode 
one may use rotating platinum electrodes 
(Kolthoff and Laltmen, 1947). The authors 
assumed that this electrode had certain ad- 
vantages over the dropping- mercury electrode, 
especially for the analysis of low oxygen con- 
centrations. Owing to the rotation of the elec- 
trode its surface regenerates constantly, and 
the diffusion current assumes large values 
and rapidly reaches a stationary state. 

For studies on fish respiration, a similar 
electrode was employed by Stefan (1957). In 
her setup (Fig. 8) the rotating electrode was 
in the form of an elongated cone the basis of 
which was the working surface. The upper 
part of the cone was fixed to a copper wire 
which passed through the electrolytic chamber 
and was connected with a small electric motor 
nomtt Mecrc tad Diggtr by means of a transmission belt, 

electrolytic charrber The current i on the rotating electrode 

depends not only on the concentration of the 
substance to be analyzed c, but also on the 
angular velocity of rotation (of the electrode) io 

l = AXw 1/2 Xc, where A is constant. 



To ensure reproducible results, M. Stefan amalgamated the electrode with 

ThIT’T.u' fu and polished them surface to mirror 

shine with a filter paper. 

e.c!:^f,° ra ; l0n u W l ,h \ h ' St “ dent I ’ M - Epshtein (1953), we used carbon 
0, , calomel ones) tor the polarographic determmation of 

io 2 glcal mate of ,h °e 7 W “ h KCI (wh,ch ^ *»*<* PhyBi°' 

trodcs should nJove o?m!7 e , e “"“T 3 ” by P h ^‘°l°g,cally indifferent Tlec- 
involve determinations of 0 f p ^ 81o ^ 0 Si cal studies with animals which 

It ha. been Z in Ch3mber8 «" which the animnl is placed, 

current «•"» “»* 

same, but the voltage nrpoo« ♦ illusion current is also exactly the 
proximately 0 25 \olts. ^ ° produce this current increases by ap- 

in cros section ^tV^er* nd^as*! * rom a pIece of E ra P hlte 1 cm2 

wire from the apparatus circuit andm!! Cd int£> “ rubber tube containing 
wire and graphite. Before the exner-irw,^! 1 ^ V* aUow contact between the 
polished with leather. perinents, the surface of the graphite was 



^ v 

w 

ftCURE 8. Schematic wjmwiUilea of Stefan a apparatm let inrflei ct> n*b respiration 
Chamber* A (tmalf J anrf 8 ffarge), a an d b. tube, through which water fl~i .n »d out. C - tub*, 
through which gateoui nitrogen tr Ud into the chamber rfurln, .ample wUbdraw.U iMtte 
t - meamrfng device foe determination of .he ctocen^at.oo of o*«eo dmolved « the water of the 
chamber (I) D- galvanometer. 


The use of an immobile platinum microelectrode 
and 0.5mm in diameter) instead of a 

that the polarogram obtained with the platinum m current was 

to the left (lower voltage) and the magnitude o e ^ wilh {he drop . 
somewhat smaller as compared to the po a g oxygen concentrations, 

ping-mercury strode D.frus.on o„r . »<rai S h. toe. 
as determined with the platinum micro electrode. One and the 

similar to that obtained with the dropp g or platwu m electrodes, 

same galvanometer reading, obtained oxygen, namely the oxygen 

however, shows two different conce ^ ometer gained with platinum 

concentration at any reading of the g pen per lOOOm! than that the same 

microelectrode was higher by 0.5 mg *y erv electrode. One can use 

galvanometer reading obtained .-L^ry electrodes, provided 

platinum microelectrodes l«rt» ® ...^obtained with platinum micro- 
the calibration curve is plotted from 

electrode. , . rnde instead or the dropping -mercury 

When one uses a plalinum n’icrocJe J ^ ca j orad 0 „ e , the 
electrode and a carbon electrode concentration) should also be p 

curve (diffusion current versus oxyg Otherwise, a large error may 
from data obtained with these electrodes, u 
Introduced. 
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We have studied the eilect of pH and water salinity on the accuracy of 
polarographic determination of 0 2 We have determined the 0 2 co " te ^ “ 
waters of various salinity, and pH by means of the polarographic and Winkler 
methods It was shown that the results coincided when the water salinity 
ranged from 0 to 30% and the pH from 3.5 to 13.7. 


DETERMINATION OF ACID 

Analytical methods for the determination of C0 2 given off by fish are not 
quite satisfactory and lag behind considerably as compared with the methods 
proposed for the determination of C0 2 m the air. 

When C0 2 dissolves in water it immediately combines with the latter, 
giving carbonic acid H 2 C03 (C0 2 — pseudoacid), which then enters in chemi 
cal combination with various bases, to form carbonates and bicarbonates. 
This chain of transformations is under the control of the pH of the medium. 
The higher the pH, the lower the concentration of C0 2 and H2CO3 in water. 
The following graph shows the dependence of the existence of H 2 CC>3 in water 
on the pH of the medium (Fig. 9). 



FICURE 9 Flm dissociation at H2CO3 


At a pH of 4.46 and less bicarbonate is nonexistent, the only forms present 
being C0 2 and 1I 2 C0 3 . At a pH from 4.46 to 8.31. C0 2 , H,CO, and HCO-T 
“°nr b ' Pr 'ff nl 1" various proportions (the concentration of CO,- maybe 
once on, CO a mavTo?- 37, :, nly . HC ° 3 ' co 3— are present (thepres- 
m tL 0 [o"fo, 3 bTca y rW^! r ' ,d) - *' * pH Pt 8 ' 37 ' 97 - 5 * C °2 is 

inwatcVTo'elherfo™; 002 - -"m given off by fteh. is transformed 

Methods for dote remai "|"8 onl >' *" email amounts in the form of C0 2 . 
principles* d «'™i">ng of C0 2 arc based mainly on the three foUowing 

example HCHand'trappmg of the"cO ° libe blc “ r ‘ x, " a,cs b y strong acids (tor 
um hydroxide. Subsequent detcrminaUon u b . arluni hydroxide or sodi- 
metrlol. chemical (titration) or electrometric T! I volume ‘ ric ( E aso ' 
ml conductivtiy of na(Oli) 2 solution) The c'hrT ^ ln clcctri ‘ 

rrrthodn ore laborious and^low ThV* *Jjf mIcal and electrochemical 
terminations tin experiments on relation) Un8uilable ,or serial de " 



2 ) The interdependence between CO2 concentration, pH and salinity (in 
the case of fresh water, bicarbonate concentration may be taken) is ex- 
pressed by the “Henderson- Hasselbach equation , which may be derived 
from the following reactions , u rn 

Carbon dioxide (CO2) dissolves in water with the formation of H 2 C0 3 

as follows: 


co 2 + h 2 o ^ H 2 C 0 3 

C 0 2 (gas) ** C0 2 (dissolved) ** H 2 C 0 3 ** H* + HC 0 3 . 
From the latter a dissociation constant can be calculated 


„ fH»HHCQ 3 l 
K — [ H2CO3J 


(1) 


where K - the first dissociation C0 "J ta ^ d HoCO whereas the Association 
An equilibrium exists be purposes the 

way: 


If one takes -log of both sides: 


. log K 1 .-fog|H + l-^' HCO3 ^ l0e,CO3 ' 


t r rCO'?1 since ■ 

One may eolve t ““ "^termed pK, then: 
and in analogy ~ l°fJ ^1 * 


tog|H*|l»*' r, "' dp " 


t + log (HCO3 I 


, og( co 2l .p K .-P Ht toe " 

carbonic »eM I c °4' 

This equation combines the ooncertrat^no 
rtr^e1^”c«epHoItheso,t 1 on. 

of bicarbonates, and pK- 



For accurate calculations the coefficient of bicarbonate activity (9) should 
be accounted for. Under these conditions - 


pKj + « pK ’ . 


The entire equation will assume the following form; 


lo g [C0 2 ] » P K - - pH + log [HCO3 '] . (4) 


1 n^ 0n ? entratl0ns ° f C0 2 and of bicarbonate are expressed in moles per 
1000 ml. 

The value of pK varies (as determined by various authors). The most 
reliable value of pK at infinite dilution is 6.317 at 38*C. With the increase 

b ‘ carbonates P K somewhat decreases, thiB decrease being 
concentration of bicarbonates does not exceed 0.1 m 
lured! amOUnt8 0 ' 008> 1US C ° rrec “°" «n many cas!s) be ig- 

s|SS5S“S"E? : 

30-C ?o 10. one ft™*- tba from 

tween 10-C and Othe correction is 0 010 m 3I7 „ per each de E rea C; be- 
tion constant of carbonic acid is not w™ in equation 4. the second dissocia- 
According to Warburg, at a pH he!L B th d " C ° 3 ”" + + C °3"- 
The use of equation <4)for Hie dehTrmiMl.n^ 7™°" ”* Very smaI1 - 
limitations, since it employs a term for hi r ^ C ° 2 * B SubJcct to certain 
it is not always possible to determine an ar b°nate concentration which 
cases the error arising from this is netrUo 1 ^ 615 '’ Agam 111 the majority of 
We attempted to apply f k ! abd "» ba ‘Enored. 

by fish in the course of respiration The dBtermfaa 'lon of C0 2 given off 
since the results obtained were unreliaM ^' cm P ts were unsuccessful, 

.f 

co ^iven off by the organism and Sf SSttJZSEL 

^ ba “ ed ° n volumetric analysis 

method tB draw backs, but can be used , " P^phthalein. This 

method, taking into consideration .a- d " CBr | aln cas =s. We tested this 





assumes a weak pink color. This serves as an external indicator. 

A second similar pyknometer is filled with 100 ml of water o be analyzed 
and 5 drops of phenolphthalemarethenadded Water is carefu J p0 “ r 

of the standard U, e. to pH 8.37, see big. I th Na0 n should 

at least 1 0 min If the color tends to disappear, titration 

be continued. elance, calls for continued at- 

This method, which seems simple at a “ * results (within 0 02ml) 

tention and careful work To obtain re P the stopp ered pyknometer 
the sample should be mixed by gen y r g w Qne must avoi d 

The air in the room must be clean, , he buret sh „„ld be easily 

breathing into the titration vess . protected from C0 2 in the 

read. A buret with 0.02ml divisions shouio p 

Calculation. This meihod » based on the feiiowng reacbons 


C0 2 + HeO a H 2 COj 


H 2 C0 3 ^aOH.N«HC0 3 *B 2 0. 

When 97.S* of carbonic acid is f °™ n o1phUialel« ! mote of 

1 , e when the pH of the sp tion , s discontinued. B^-fAorresponds 
strawberry-red color and tit c0 ,, r -. l.N Na formula. 

NaOH combines with ■« 

to 44 g ot C0 2 . Hence the calcuiaw 


-vo 0.88X10°°. . „x F x8.8ing C0 2 /l°°° ml ’ 

Too" 

a for titration of a 10° ml sam- 
. uaOH used up i° r 

lere n - ml of 0 * 02 N ® O U ^ f jjaOH. b 2 an d corresponds to 

e; F - correction for 0 va* ltip iying 0.44 by 

The factor 0.88 is obtalne y^ NaQH This must be remc 

"1 of a strictly 0.02N «olut * l0° 0ml ° f * us t measure the dtf; 

e calculate the amount o jP ‘ atl0 n one m erim ent 

^ cnf'.p in experiments on r oand after w the 


, remem - 

*%°L B r a Somlof«ter. du- 
ly c calculate the amoumoi jP one , «P«1“"* “ d 

ed. since in experiments o iOT .,o and alter for ,he expe 

ence between C0 2 v „l„me o! the vessel 

at, P which as 1 a" rSe riw«®' In 

2 have carried out num ^ have always ^ ^ between . th ^ ^ 


t, whicn as u k “*7 titrimetricauj > th a ijtan . _u fn 

laving determined COj I but combined ^ mina ticns toi P» [( 

0 7 given off by the <*£»*»• electrometric de^ # decrease in « ^ 

suffering properties of the 


From the results o( our studies, 
liberated combines with CO 2 given 


v/e have concluded that the ammonia 
off according to the formula: 


co 2 + H 2 o - h 2 co 3 nh 3 + h 2 o - i;h 2 oh 


h 2 co 3 + nh 4 oh - nh 4 hco 3 + h 2 o 

i. e. that 14 mg of ammonia nitrogen bind 44 mg of C0 2 or In other words 
lmg of ammonia mtrogen corresponds to 3.14 mg of CO 2 . Hence multi- 
a true value ol C0 2 the amount ol ammonia nitrogen On mg) should be multi 
plied by 3.14 and the product added to the amount of CO 2 as determined y 

titration. Hence the amount of C0 2 given off by the fish is comprised of 

CO 2 which can be determined by titration with NaOH and of ammonia -boun 
Calculation of COg given off by fish in mg of C0 2 /g body weight/hour: 


InXFX 3.14 m)V . c q 2 mg ^ g body weight Q f the f 18 h per hour 

where n - ml of NaOH used up for titration of a 100 ml of the sample; 

F - correction for 0.02 N solution of NaOH; 

V - volume of water (in liters} in which the fish respired; 
m- difference between ammonia nitrogen concentration (mg 1 1000 ml) in 
water prior to and after the experiment (m * mi - mg), 

P - weight of the fish, in g; 
t - duration of the experiment, in hours. 

To express the amount of CO 2 not in milligrams, but in milliliters, the 
value obtained should be divided by 1.964. or the following formula should 
be used; 

lnXFX4.48 + 1.6m}V , , 

= ml of CO z per 1 g of body weight of the fish per hour. 

The amount of CO z given off may be calculated in grams or milliliters, 
according to the aim of the experiment. To determine the respiratory quo- 
tients RQ * however, the amount of oxygen taken up and that of carbon 

dioxide given off must be calculated in milliliters. 


PREPARATION CF WATER WITH ICW CONCENTRATION OF DISSOLVED OXYCEH 


F0 l CC r^ ln < f °r example lor the determinations of threshold 

concentrations of oxygen in water) it is desirable to prepare water with a 

Fmir rf E the COn 'm a” 1 ' ™ S Can be aclue ' red b y means of various method 
^te simple! “ Jed Th<; tlrBl thr " ™' h °' 59 » a We used are 


watVr decra”!;. 80lUblll,y ol E ases ta 

contact with the air port 1 ,n and at atmoB Pheric pressure water in 
ofo, per mer TO. 10 3m f° ! °2 «'er. and at 100-C. 3.4 mg 

P perty can be used for our purposes. The setup 


for preparing water with low oxygen 
is ehown in Fig. 10. 


concentration by means of this method 



figure 10 
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To prepare water with low oxygen concentrations, oxygen-free nitrogen 
trorn tftank is passed through water under pressure. 

merits the hiehtened concentration of nitrogen dissolved in water eon be 
r g „orcd becfuse nitrogen is an inert gas and its narcotic effect on , annals 
,e only endent at tery high concentrations. Water prepared in this way 
should be protected against oxygen from the air by means of pyrogallol 

tSC 3 m pa°8B ing of gaseous nitrogen through boiled water. 
By combining the two methods described above, i.e. when boiled water is 
flushed with gaseous nitrogen under pressure, the concentration of oxygen 
(not nitrogen} may be lowered to traces. 

Cooled water should be protected against air-oxygen by the pyrogallol 
method described above. 

Special attention must be directed to the protection of oxygen-free water 
from atmospheric oxygen, especially during storage. Oxygen-free water 
may absorb oxygen even during filling up of vessels used in the experiment. 


through contact with the atmosphere. 

4. Addition of sodium sulfite. Water with traces of oxygen 
may be prepared in the following way: sodium sulfite is added to water 
with neutral or weakly alkaline pH. Five grams of solid salt per 1000 ml 
of water are used. The vessel is stoppered and mixed. When the air phase 
between the surface of water and stopper is small, the entire amount of oxy- 
gen dissolved in water disappears m a matter of 5-10 min. This method 
is the most efficient for preparing oxygen-free water. It is, however, not 
always suitable for physiological experiments, because the addition of 
changes the chemical composition of water (the concentration of 
Na”, SO3" and S04 -_ ions increases). 


methods cf study cf fish respiration using chemical methods of oxygen 

DETEP MINAT1CM 


Taking into consideration all the features of existence or fish, the known 
methods of study of fish respiration may be divided into two large groups: 

l)studies on fish respiration in stagnant water and 2) in running water. 
Both methods have long been known and each has its advantages and disad- 
vantages. 


Choice of suitable method is of great importance. For example, mano- 
metric techniques are suitable for studies on small objects (eggs, larvae, 
try etc.) but are unsuitable for respiratory studies on large fish (sturgeons, 
salmons, etc 1. Ecological properties ot the f,sh studied at a given stage 
lats “a 3 co " slderod - b is true that the researcher al- 

archer m “ art,r,c,3l I>'- To prevent artefacts, the 

Lch ? cnd ' av " duplicate natural conditions us close as pos- 
sible. The technique used (determination of 0 0 .CO« NH, mobility res- 

exchange'cannot he 'l'* Er “‘ lm P‘>rtalce Accurate cLa on gaseous 

t^irce^whih^choosiruj^neti! an curate analysis °t the above indexes 

guided by phvsi„r, ”al '“l S ‘“ d,CB ,ish res P J ration one must be 

and its .^mt!°,^r^„tfdrrU and h' 010 ^' Prb “ ‘ b ' 



METHODS OF STUDY ON FISH IS STAGNANT WATER 
The tab is placed i„ an 

the above-mentioned precautions. After a g is determined be- 

dissolved oxygen is determined, It I he B “^‘ ewlllbetlle amount taken up by the 
fore and alter the experiment, thedi , 1scall6 f 0r certain precautions, 

fish. This extremely simple method nevertheless c mdlssolvedmlte ves- 

The bacteria contained in natural wat -.counted fo/ using a control vessel 
sel; this bacterial respiration should bc acc t^^ ^ ^ bottom a toe ves- 
wtthout fish. The water is mixed well and yp s . Th( , (lsh is placed in a 
sel) into 2 identical vessels, so that wa el close d to prevent air 

full vessel (experiment no. 1) which 11 1 ater be d 1 splaced The other 

bubbles, and the time recorded Part o d m , lhen nostat 

vessel (control no. 1) is closed similarly. Both P 

(bath) so that temperature is conslan . , „ car efully opened, a 

At the end of incubation lhc experl ter (inaskwilhagroundglassstopper) 

water sample is pourcdintoapyleiomete t 0 ^ from the control is snail 1 

and analyzed for oxygen (see p.2’. 33 • eonsl , me 30* of the dissolve xy^ 
analyzed. The fish should be »» 2 hours . Only >" special The 

gen, duration should thus be cl ration by more than 3 

pertinents which lower oxygen “"''"^greater the error o' determlna 
shorter the duration of the expe ^ expenroen , 2hrs , 

lion. Assuming that the begm»u* hour , error w.U ^ as wl dw 

with an accuracy of 30 sec, d sea bng ° J e An objects necessary 

error will be 0.8%. The ^'ione ^ 

drawal of samples should be hand use d twice in 

should be prepared in advance amdkept^ The same ft** urn ,. their 
Each experiment should be 1 P , veB sels are u concentration 

succession in different vessels -—nmental one. The oxyg 
oxygen concentration is the p poS t- experimental ' tal oxygen Br "°“ 
in the experimental vessel .* *hep ^ ^ post-experim^^ ^ detcr mined. 

When control vessels are con tent of both ves * ical m both ves 
is determined, however, upt ake is assume amount in t « 

Bacterial and protozoan oxyg difference betwee Y ^ uged Oxjfi 
* Tnr iVam calculation, the 01 . , ve ssel (mil / (c h weighing 


Bacterial and protozoan oxyg difference betwee ? »-,) is used °*>S* 
sets. » For the calculation, Jf '", rlro ental vessel "i, the fish 
control vessel (mo! ot d b^hPlytnf ^ r «,.sd 

WdSS the^xperiment <t hours.* activUy 

by volume of the experlme t and time. 

in mg of oxygen per uni 
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For details see the chapter 
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For experiments on respiration carried out by means of this method, ves- 
sels of various size and form may be used. All vessels, however, must be 
provided with ground glass stoppers. The stopper should fit the neck of the 
vessel so that no air bubbles will form under it. The choice of form and size 


of the vessel depends primarily on the properties of the fish to be studied. 
When small fish are studied (bleaks, small roaches, chubs etc.) vessels of 
any width may be used Vessels with wide bottom are preferred for experi- 
ments with loaches, perch and other fish. In spite of the resting condition 
the fish are protected from light and noise; taps at the floor and walls are 
avoided The first fish may at first move vertically and stir the water in the 
vessel, while the others usually sit motionless on the bottom of the container; 


concentration of Og in the upper layers will differ from that in the lower lay- 
ers of the vessel. The upper layers will be richer in oxygen than the lower 
ones, and the fish will respire under hypoxic conditions. This alone may 
change the experimental conditions. In addition, the samples for analysis 
are withdrawn from the lower layers of the vessel, while the oxygen content 
is calculated for the entire vessel. Such a gradient of oxygen concentration 
may lead to considerable errors. It thus seems clear that a wide and shal- 
S™ 1 P ret erable a narrow and high one. The total volume of the 
Z! el /, h ° U “ be ch ° sen B0 ,hat the °*ygen content before the experiment will 
ZrAillr' m ° m ° Unt 0t OXygen consumed by the fish in the course of 
vessel we tev. T Ure 0xyEen dlMr,h “" m in 'he experimental 

quires Jltto T modlt,b t“° n 01 th!a m ethod. Our modification re- 

eenl h a'it'o?Xfn ^ ^a d l^ , L , rtso r ?me 1 v a,10, : ,,M ‘ n ,hc facl tha ‘ «» con- 

experiment. The drawback is the mow* 68 *? uniform durin B the entire 
Fish living in stagnant waters (carD and^r" ° f W f ter durin g the experiment, 
by changes in respiration rate in’ ucians) react to water movement 

viaters the sttrrmg ahodd ^ -«““ l 

chamber for “studies of’thrralfof res^aUon^r 5 " 0 n a ‘' r in ‘ he res P ,rallon 

inodlfiec^ap^jara^tuMF^g.'l^lT'wafer 3 ^ 1 ^ ^^ce^c^Ped^^nli^htly 

•he aid of a water pump (tulm 1 A is well-aerated with 

orrews). This reservoir fa connected StiTh ^ S,rCam 13 ‘-Cieated by 
tabe K - Throu S h ‘his tube water may o,,*, ,’ he reE P Iratlon chamber B through 
B- Water from chamber B reServ ° lr A ‘"to chamber 

cumber B la maintained constant by Xcm. ^° U , Eh L ‘ Temperature in 

Volume of , he reservoir A is 4 - 5 « , '° r , m ' r a “ate? bath C. 

. and a sample of water is 



into a chamber for experiments with running water, by replacing the clamps 
on the tubes K and L by means of screw clamps. The rate of flow of water 
through the respiration chamber can be regulated with the aid of the clamp 
on the tube L. The clamp on the tube K may remain open altogether. In 
some experiments such a passage from respiration in stagnant water to res- 
piration in running water may prove of certain interest. 



A-r«crvoir with reserve wrier; B rcjpuuion c bibber, 
C -therm can (-uer bah). F« other des.jMtlon., see 
the ten. 


turbed during 1 sanmlinf. 0 ^ «! hl8 a P paratU9 are as follows: l)the fish are dis- 

SSSi ia r Bible bccause the du ' 

mng of the experiment ort j 10 ~ 15 minutes), while the time of begin- 

mg^p^x^^^ 3 ’ d “ r ' 

plenished, 4)one cannot be sure th^.n . “ water which is only partly re- 
experiment gives an exact Indicate n r m ° %yS ^ n conlent bofore ,hc 

the experiment. nation of the oxygen content in the water before 


v.,th „ s „ IK RUM)U ^. WATIR 
In these experiments it is essential 

the respiration chamber in which the fiat, * th f water runs constantly throu 

fa placed. By determining the 
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content ot in the ^£"£‘,£3 ZSZSZ? 

""" --- - ctomber 

(ml/hour). , a, e\ itt,„ 13) and its modification 'Fig 14) 

Krogh's apparatus (Krogh. 1 J16) chambers through »hich the 

has been widely used The fish are placed in 

water is allowed to flow nla . pd in respiration chamber 2 and 

In Krogh's apparatus, the fish is p n t h e respiration chamber 

water (lows tn front reservoir 1 ^r Z «a«' ^ 4 '“I", 6 

ts kept constant by immersing e iratlon chamber 2 is collecte l 
passed from reservoir 1 throug contact between water an 

lector 3. filled with vaseline to pre^nt a »y con may be 

from th^ atr For quantitative analysiso^ Wg ^ „ withdrawn Ihrougb 
taken from tube 5 or 9 Prior to to**™ Oxygen ,s delermincd b, 
tube 5, and after the experiment through 
the method of Winkler 
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content of oxygen in the — , and ^ 
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(ml & »pp— »-<*■ 
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because the difference in water level in the reservoir and the collector tend 
to diminish Ithe level in the reservoir tails and that in the collector rises), 
'Attempts' to eliminate this drawback acre made by Gaardcr <19181 »ho 
suspended the colleetor at a height The best result was obtained by Keys 
(1930) who designed a special device to maintain a constant level in the water 


In experiments with larger fish such as sterlets, sturgeons, and stellate 
sturgeons, the rate of water flow through the respiration chamber must be 
increased considerably (to 2000 Uters/hour). When the rate of flow exceeds 
5000 ml/hour the collector is not necessary. Water samples for analysis 
can be taken directly from the tube passing from the respiration chamber. 

A number of respiration chambers arc depicted in Fig. 15. 

In 1941, we studied respiration of sexually mature sterlets under field 
conditions, by means of the apparatus illustrated in Fig. 16. It Is simple and 
gives good results. All parts of the apparatus can be easily dismantled and 
reassembled, making it very practical for field work. 

Procedure. This method proved more suitable for respiration studies 
in pelagic forms and fish living in running water than for studies on fish living 
in stagnant waters The fish are prepared in the same way as for experiments 
on respiration in stagnant water. First, the amount of water necessary for 
the entire experiment is prepared To this end water is well mixed, satura- 
ted with oxygen (water with any other concentration of oxygen may be pre- 
pared) and brought to the desired temperature. Then the apparatus is assem- 
bled (the type of chamber used depends on the size of the fish). The apparatus 
is filled with water, the chamber is opened and the fish placed in it. Because 
of the unusual conditions, the fish at first shows signs of restlessness, but 
the continuous inflow of fresh water calms it down and It then remains calm 


for the rest of the experiment. Restlessness may reappear if the supply of 
water is dangerously lowered and hypoxic conditions prevail, or when the fish 
is irritated by noise, knocks, taps, light or shadows. Noises and taps must 
be eliminated and the respiration chamber must be protected from excessive 
light. The rate of water flow must be adjusted so that the concentration of 
oxygen in the outflowing water will be approximately 30% lower than that in 
inflowing water. Usually, the inflowing water is saturated with oxygen (char- 
acteristic for each temperature). This of course does not apply to experi- 
ments aimed at studies on fish respiration under conditions of oxygen de- 
ficiency. 

During its first few hours m the chamber, the respiration rate of the fish 
increases. When the fish has adapted to the new surroundings, its respira- 
tion rate decreases, after 3-5 hours in the respiration chamber the respi- 
ration rate of the experimental fish becomes constant and remains so for a 
long time. Figure 17 illustrates the respiration rate of the fish as a function 
of time spent in the respiration chamber. 


Since water passes continuously through the respiration chamber, samples 
ThC rate of '" ater fl ° w must be calculated. The 
ofa eraduated'ev H 1 " 6 chatnb " «i> be ascertained with the aid 

' adoa, . ed C f ,nd " and stop-watch. For this purpose, water nowing out 

ter nowmXuSh^chamhVr"' gr ° d “ ,Cd Cyllnder - a " d ,h " a ” aunt ° f " a ' 


per unit of time (one hour) is measured. 
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FIGURE IS Varlm rtiplmloa ebtmbeet lor rtrplntion rrudlti oa i 
t-SkaJov.hlli cbimbtf fot itudlo on lira* Burgeon* Chamber from gal- 
v*nlre4 Iron, 2-Strog»nov'i chamber from iheet lloc (for Bud Jr j on medium - 
*lird itrUir* nurgtoiu}- JS trogeow 1 * chamber from gUa (lor itudfet on *t*r~ 

Uu) 

^'Chamber cfoted whh tcrtwf) b-gliu window, e-chamber doted with acrew* 
and out*j d-chamber cleaed «hb ring fitted on tmall projection*. 

Respiration rate of fish during the first hours in the respiration chamber 
Is higher than after the fish had adapted itself to new eurroundlngs. Hence 
the complete curve of changes in the respiration rate of the fish in question 
should be obtained. This is especially important in comparative studies on 
the respiration rate in various fish 6pecies under similar conditions, or of 
one and the same fish under different experimental conditions. Stable, re- 
producible, characteristic and "standardized" data are necessary. Having 
chosen the correct rate of water flow through the respiration chamber, the 
experiment commences. Every hour water samples are withdrawn and 
analyzed for oxygen content. The rate of flow is determined 2-3 times every 
hour, and must be kept constant during the entire experiment unless the effect 
pf change in the rate of flow on respiration is studied 

The rhythm of respiration movements is also determined. In the majority 
of fish this is done easily by counting the movements of the giU covers. Dur- 
ing inspiration the gills are tightly covered by the gill covers, and during ex- 
piration the gill covers open to a slit through which water is expelled. In- 
spirations or expirations may be counted. The time elapsed is measured 
with a stop-watch. In this way the number of respiration movements ( n) in a 
certain time B {measured in seconds) is determined. For comparative studies 
the values n and B are calculated for one hour. If B is expressed in seconds, 
then the number or respiration movements in one hour (Dj will be: 



nSUM 14 S<!wfn*lic rtprt bttaaloo cf ta tp^uttat Ipt rtrplruloa Kudi*! oo itiilra ThU appartte* cafl I 

bud iflidtr fkld ceodklOM 
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nlimloocfc*rt«»cwana(*ftMib« «iptTte«ot)- 5-faco«! 6-boeVet for coIUctir^ w*t«r 7^raduated 
far b-kJ^rruln! ««tr lunpUi p>«far« tb* 




The rhythm of respiration movements is determined every 20 minutes 
At the end of the experiment the fish is taken out of the respiration chan 
cr, it ib weighed, its length is measured, and its age is determined 

Calculations The rate of oxygen 



uaitiudiiuiis me laic ui 

uptake by the fish is calculated according 
to the formula 


Imp - mi) V . 


K(mg of 0 2 per 1 g of body 
weight per one hour) 


where m„ - oxygen content of inflowing wa- 
ter, expressed in mg 0 2 /l ml (oxygen con 
tent before the experiment, 
m - the same in outflowing water (oxygen 
content after the experiment, 

V - volume of water (in ml) which passed 
through the respiration chamber in one 
hour, 

p— weight of the fish 
If the rate of oxygen uptake is to be ex- 
pressed not in milligrams but in milliliters, 
then both m 0 and m 1 must be expressed in 
milliliters The other values remain un- 

to calculate tltc amount of Co/g^for of any n.trogenous com- 
pounds released) the following formula maybe used 


FIGURE 17 R«plr»ttcn r*U el fi»h •» * 
function of tb« durttlco of lh« «*rerimtnt 
(ti« tlm* which tb« fl*h «p»ot In narlr.tton 
ch*mb*r with running w*t«r) 


iounds releaseu; me - . . 

(m, — mo) V . Ntmg of nitrogen per 1 g of body we.gh. per one hour). 


where -the amount of hound nt.rogch («Hy) tn the tn.tow.ng water (m mg 
° r K Bame°in*Ute outnowUlg water fthe amount of N* after the ex- 

Pe *vTnd p - the same as in the fish, the same formula 

For calculating the amount of COg gjve y #f p „ , m t of 

may be used In that case m° andm^show ^ „ usually 

inflowing or outflowing water. P . 

expressed in milliliters h an d the amount of 02 ta en u 

If the amouat of COg „ en. (BO can be calculated 

the latter is known, the respiratory q» ^ 


, wpitrht in one hour, 

where C0 2 " ml of C0 2 g^en off P er ^®° we ight in one hour. 

O. - ml of oxygen taken up P th e HQ - I. ?* ■»«* 


"fig' -^1 of oxygen mken up P^ l^oo^ the^RQ ^The'reapiratory 3 

Dunne "pure" caobohydn ” abobsm RCJ values W 0”; ” , 0 , ,he 

EQ values of 0 7 and prot ^ lha „ 0 , »!>'" “ e Pf lca l states) or dor- 

ing changes in the physiological 

tion etc ) 


Oxygen uptake per respiratory movement (A) may be calculated in the 
following way 



where mo - initial oxygen content (in water), 
ml - final oxygen content (in water), 

r - number of respiration movements of the fish during the experiment. 
For comparative studies on the respiratory activity of gills in fish of 
varying ages, the oxygen uptake per respiratory movement (O) per unit of 
weight is the most representative. For this purpose the following formula 
may be used 

RR 

* O 

RM 


where RR - rate of respiration, 

RM - the number of respiratory movements 

In experiments on respiration in running water, several respiration cham- 
bers may be placed side by side and oxygen consumption may be measured m 
several fish at the same time 

Try and Hart <1948, 1948a) described a very simple apparatus (Fig. 18) 
for studies on the rate of respiration in very small fish (goldfish): this 
apparatus has been used successfully by some other workers as well. 



h.m’m flBh'lb^Bl^m^ubohrm dirin'e 24 h UBC,i ) f0r UdlES ofbasal metabo- 
ollsm. A 2000 ml Erkrmpvf.p n l! 2 24 hours and ° n their maximum metab- 
• I*. « u naBk 8erves as res P Ir ation chamber. The 

•*«»« >«d rip,,, u j 


62 




flask Is scaled with a stopper through which two tubes (1 and 2) pass Tube 
1 is connected with another tube which passes through the lower part of the 
wall of the wide water bath The water bath serves both as a thermostat and 
as a water reservoir for the respiration chamber Water excess passes 
through a tube inserted at the upper part of the water bath wall The fish to 
be studied are placed in the fla9k. which is immediately closed with a stopper 
provided with two tubes, 1 and 2 The flask is then placed on Its side on the 
bottom or the wide water bath Tube 1 is then connected with the tube which 
passes through the water bath wall (see Fig 18, A) Tube 2 is connected with 
the water bath through this tube water passes from the water bath and out 


into the respiration chamber . 

Water saturated with oxjgen from the air and adjusted to the desired tern 
peraturc is poured into the water bath through tube 3 while the excess water 
la removed through lube -1 In this way a constart water level Is maintained 


IMhTciamp on tube 1 is opened, water from the water bath will pass 

placed In the chamber at one time <*«»«•»«««" exp e ri ment. 
tunes above 20'C - 10 the experiment) and from tube 1 latter 

Water from the water bath ( D r the initial oxygen content in 

the experiment) Is analysed H the rate of 

the water. Oxygen is determined by " contC nt in the water in the thermostat 
water flow and the diffc " n f :e the amount of oxygen taken up by the 

and respiration chamber are known, in 

fish can be easily calculated haS ce rtaln drawbacks. Firstly, the 

This apparatus Is filrop ! e , t “ “ olaced too close to each other, as a result, 
inlet and outlet tubes 1 and 2 o« pi d ' mixed and one cannot be sure 
the water in the chamber Is not \ \ reprea ent S the true oxygen 

that the oxygen In the water ‘ Secondly, fish which swim in 

content of the water after the c P »* in their move ments by 1 ®“ d 2 

the respiration chamber are b®nip , rotating vessel (Fig 18. B). In 
mal metabolism is determined in a row s g n time a wa ter 
which the fish swim against the wa‘" curr fop analyzmg the oxygen con- 
sample la withdrawn by means TJLZ'r 125 ml arc poured Into the 

water. Tho .mailer tlds on te selected so that tne " wing 

meat. Hence the rate °' " Rowing (prior to experime nt) «a. 

oxygen concentration n enough to pro u undesirable 

(otter the experiment) water win “ ,h. ra « of < r „e 

studies on rheo.net ettbsuch^^ ^ apparn. ns wMch nUo.ed ^ ^ ^ 

m rj 1 '" ds * a,er 

system. Centrifugal pump °P 
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into the respiration chamber 3 and from there into reservoir 5 and back into 
the pump Reservoir 5 limits the duration of the experiment, since its oxy- 
gen content is restricted To obviate this difficulty another reservoir (dupli- 
cate 5) is added to the system, tills reservoir is connected with the system 
through a large double three-way stopcock (Fig. 20). By using alternately 
one or another reservoir (5 and its duplicate), the duration of the experiment 
can be prolonged indefinitely without having to take the fish out of the res- 
piration chamber 

To enable one to withdraw water samples at any time without disturbing 
the rate of flow and the closed circuit, reservoir 5 is provided with a rubber 
bladder of a football 6, the socket of which is tightly fitted on a metallic 
or glass tube, the free end of this tube passes through a rubber stopper in 
reservoir 5 and outside into the atmosphere. Reservoir 5 contains a syphon 
7 through which water samples are withdrawn for analysis. When the clamp 
on syphon 7 is open, water flows from reservoir 5 through syphon 7 and is 
replaced by atmospheric air to which passes into the rubber ball, inflating it. 
This device allows for withdrawal of water samples for analysis without 
changing the total volume of the closed system Constant temperature is 
maintained during the experiment by placing the respiration chamber into 
water bath 8. 



riCUPJ 15 ,c c to , Ite , 

lyttem (Stzogaacw, 1949) 


rugai'pumVls'-Tcm in dUmV 7 3n <!l<:ctri ‘ : motor (100 volts), a contri- 
v'd)' chamber 3 and reservoir tT Th* rubber tubes whl <=l' connect the pump 
pi ration chamber may be reoulateJiT r ‘“ C ° f n ° W ° f wa,er throu e h the rcE_ 
diameters placed on the aaif or it, by meanB 01 driv ing pulleys of various 
The rate ol wat°rflL”n t h‘„'" r Bnd the P um P- 
experiments. For this numr.ee ei " must be determined in preliminary 
freed, and one end connected with ‘L rufaber tube passing from reservoir 5 is 
water bath 8, while the other end < e8ervoxr ® ia left on the v/ater level in th 
is put into water in water bath 8. The rate 
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It the »m>»M o! cutting water ( pcr , (me unll)j the dllllMler of , he res _ 
pi ration chamber, and the cross-section of 
the fish are known, the rate of flow of water 
through the chamber (in ml) and the linear 
velocity of water current in various parts 
of the free space between the fish and the 
chamber wall can be calculated. 

By introducing Pito 4 tube into the water 
stream, the rise in water level in the Pito 
tube during any rate of flow can be measured. 
In this way the tube is calibrated. During 
the experiment, calibrated Pito tubes indicate 
the velocity of water in a closed system at 
any given time. The tube through which wa- 
ter passes from the respiration chamber 
should reach almost to the bottom of reser- 
voir 5, and the tube which passes from the 
FIGURE 20. Doubt* thre«-w*y rtopcocW reservoir to the pump Should be placed in 
the upper layers of the water in reservoir S 
This order can be reversed. This is done 
to enable the water In reservoir 5 to be well 
mixed, so that the sample should be representative of the water in the reser- 
voir. Proceeding from these considerations, the end of the glass tube of 
syphon 7 should be lowered to the middle of reservoir 5. The volume of wa- 
ter in the entire closed system must be determined beforehand, 

Respiration is measured in the following order. The entire system is 
filled with well-aerated water. The respiration chamber 3 is opened, the fish 
is placed in the chamber, and the chamber is closed. Chamber 3 is placed in 
water bath 8 and the motor is switched on. The stopper of reservoir 5 is 
opened, and water is poured in so that no air bubbles will be present in the 
entire closed system. Water samples are then withdrawn for analysis, this 
marks the beginning of the experiment. After a given time another sample is 
withdrawn for analysis. The volume of all samples must be known, in other 
words the entire amount of water taken from reservoir S must be accounted 



for. This amount is equal to the volume of water taken into the pyknometers, 
plus the volume needed for rinsing the beakers and the outflowing excess wa- 
ter. The volume of the pyknometer Is known, water which overflows and 
water taken for rinsing is measured In a cylinder. Having determined the oxy- 
gen content in a pyknometer, the former is calculated for the entire volume 
of the closed system. The rate of oxygen uptake by the fish is calculated as 
described above (p. 61). In the subsequent determinations of respiration the 
amount of oxygen in the whole system after the experiment is accepted as 
the amount of oxygen before the experiment tor the following determination. 
Since respiration takes place in a closed system, the concentration of oxygen 
gradually decreases. The linear decrease is noted in cases when the iisn is 
in a resting state and the rate of flow remains constant. Respiration rate as 
a function of oxygen concentration is depicted graphically in Fig. Zl. 



FI CURE 21 Rate of retpitation in water with decientng wjr- 
grn content 

1-the content of oxygen in water in mg Oj/lOOO ml of water, 

2 oxygen ti^aVe by filh (mg O2/IO g body welgla/bour) 

As can be seen from Fig. 21. the fish rapidly calms down and for some 
time the respiration rate remains constant, until the oxygen concentration 
reaches a certain low value, after which respiration rate decreases. 

If the aim is not to study respiration during oxygen starvation, the experi- 
ment may be discontinued after a steady respiration rate had been attained. 
This constant respiration rate may be considered as characteristic for the 
fish in question under the specified conditions. 

This method enables us to determine the respiration rate during various 
speeds of water flow through the respiration chamber, and to carry out anal- 
yses at any time intervals. The accuracy with which the total amount of oxy- 
gen is determined does not depend on the rate of water flow. These are the 
positive aspects of this method. Its drawback lie6 in the fact that respiration 
takes place in a constant and gradually diminishing oxygen concentration, as 
in experiments on respiration in "stagnant water". Hence to obtain reprodu- 
cible data the experiment must be discontinued after a steady respiration 
rate has been attained. 


METHODS OF STUDY OF FISH RESPIRATION BY MEANS OF PHYSICAL 
METHODS OF OXYGEN DETERMINATION 

Completely different apparatuses are used for studies of the rate of res- 
piration (oxygen uptake)of developing eggs, larvae, fry and small fish (the 
Bile of guppies). In gome cases the experiments can be conducted In small 
flasks, as described on p. 51. 

In laboratory practice, manometric methods are widely used. The prin- 
ciple of all manometric methods lies in the fact that in a closed system at a 
constant temperature and constant gas volume any changes in the amount of 
gas (gas uptake or release) can be measured by changes in its pressure. In 
studies on respiration of small aquatic animals we mainly limit ourselves to 
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tied re spirometers are mosUy used. 6 urastic h modi- 


THE WARBURG CONSTANT VOLUME RESPIROMETER 

f,lr,^; h S M h 'T ,B m3n ° metric , met l’°d “><■ '!>« determination ot gases in 
blood (the blood-gas manometer) had been improved and developed and the 
widely used Bancroft and especially Warburg apparatuses have been derived 
from Sechenov's blood-gas manometer. The form of the Warburg apparatus 
is very convenient. Respirometers of a similar type are widely used in dif- 
ferent laboratories the world over, and differ considerably from that des- 
cribed by Warburg. The name Warburg respirometer has been preserved, 
although only Warburg’s principle has been maintained. 

The respirometer is based on the following principle: The organism to 
be studied is placed in a flask to which a manometer is attached. In the 
course of respiration, conditions in the flask change, the oxygen content de- 
creases and C0 2 content increases (release of NH3 is ignored). If the ves- 
sel is provided with a center well with KOff solution to absorb CO2, than the 
only change in gas pressure will be due to a decrease in oxygen content (CO2 
will be absorbed by KOH). The oxygen concentration will decrease, and its 
pressure will thus decrease as well. This decrease in pressure can be easily 
measured with the aid of the manometer. If the change in manometer reacting 
and the flask constant are known, the amount of oxygen taken up by the or- 
ganism under study can be easily ascertained. 

The Warburg respirometer (Fig. 22) consists of three main parts: l)flask 
attached to the manometer (seen in the Fig . ); 2) water bath at constant tem- 
perature, and 3>a shaking device to shake the flask and the manometer, to 
promote a rapid gas exchange between the fluid and the g3s phase In the flask. 
The most important part are the flask and manometer. The flask 18 im- 
mersed m a water bath (electrically heated) together with a stirrer and two 
thermometers; one, a Beckman thermometer allowing for readings to Oil02*C, 
and another with readings to 0.1 -0.2*C. The electric heater is connected 
with a thermoregulator (toluene thermoregulator or contact thermometer) 
and a relay. Current is provided by the general electric supply. The elec- 
tric stirrer which works continuously is also fed Irom the same electric system. 

The stirrer serves for stirring water in the water bath, thus ensuring a 
uniform temperature in all water layers. In addition there is a special de- 
vice tor shaking the vessels and manometers, which promotes a rapid equi- 
librium between oxygen tension in the aqueous phase of the vessel and its 
gaseous phase Rapid gas exchange between the fluid and gaseous phase ia 
indispensable for accurate determination of oxygen uptake by means ot 
changes in gas pressure in the vessel. 

The shaldog device may differ. depending on the iorm of the water bath. 

With quadrangular baths (the most widely used! the vessel logel M U* 
manometer is shaken baekwards and forwards (amplitude of 2 -! I 
rate of shaking is approximately 100 

water bath (manometers ore arranged around the bath) a shaking devl 
rotating type is used. 






Before, the experiments the working conditions of the respirometer most 
be ascertained. The water bath most be filled with water, the hewing a™ 
the stirrer must be turned on and the contact thermometer set at therein - 

ZZ'LZ* ,OIuene ,herm ~° r is - <■« 

”°* ' h ' e ™" li s ” d may be prepared They should be well 

" dned ”‘ lb s lcD bol. The manometers are then filled with Brodie’s 
solution (the entire lower part enclosed in rubber). The ground gloss joints 
of the flasks and manometers are greased. Brodie’s solution is a mono- 
.M e s r fh m ",‘n Sn “ 0! !’° 33 ‘tb'bpared to 13 60 for Hg (a column of 

this fluid 10,000mm high equals latm = P 0 ). Brodie's solution is prepared 
as follows 23 g at sodium chloride and 5 g of sodium choleate dissolved in 
500 ml of water A little acid fuchsin is added (io make the fluid visible) 

Grease for attachment joints and plugs Is made from anhydrous lanolin or 
thick vaseline mixed with a small amount of rubber glue 

Having adjusted the thermoregulator and after bringing the water in the 
water bath to the desired temperature and preparing the flasks and mano- 
meters, the gas wlcrtne of the flasks and the space in the manometers to the 
150 mark are determined. In all studies on respiration rate, the flask con- 
stant must be known For this purpose the total gas volume of the flask and 
the manometer to the mark 150 (V 0 ) must be determined. The volume of this 
space is determined by filling it with Hg and weighing. By dividing the weight 
of mercury by its specific gravity, the volume Vo can be found This method 
of flask calibration is not very convenient, however, and another method 
may be used. 

The flask is rinsed with a small amount of distilled water. This is done 
to saturate the air in the flask with water vapor. The vessel is then attached 
to the manometer. The ground glass joints are greased. The attachment 
spaces (after attaching the flask to the manometer) must be transparent. The 
stopcock must be opened, otherwise Brodie’s solution will overflow. The 
manometer with the attached flask is then placed in the thermostat. The 
manometer is still open to the atmosphere and Brodie's solution is lowered 
to the mark O (this is done with the aid of the clamp 5 on the rubber tube on 
the manometer Fig 22). Thereafter the flasks are shaken until the tempera- 
ture of the flask Is the same as that of the water in the water bath Shaking 
is discontinued after 10-15 minutes. The menlscs in the manometer are set 
at zero, then the stopcock is closed and Brodie's solution is brought to the 
mark 150 in the right arm of the manometer by squeezing the clamp on the 
robber Vo.be. In the left arm. (open arm) the liquid will be somewhat higher 
than in the right arm. The difference is recorded Let us assume that it is 
equal to h. mm. The stopcock is again opened, the liquid in the manometer 
is lowered to zero, and the manometer is again shaken After 5 - 7 minutes 
the entire procedure is repeated. Similar values for hi should be 
In 3 - 5 determinations The stopcock ot the manometer Is then opened, the 

the manometer and placed in the water bath. The level, ‘ “"^er io - 1 5 

ss: 


stopcock is closed and the liquid in the manometer is raised to the mark 150 
in the right arm of the manometer. In the left (open) arm the level is higher. 
The difference h 2 will be larger than hj obtained with the empty flask. In 
this case also. 3-5 determinations should be made. As seen, hi and h2 are 
determined in the same way The only difference is that hj was determine 
with an empty flask, while h 2 was determined with a flask filled with a ml of 
water. In other words, the gas volume of the flask decreased by a ml, and 
the gas compressed occupies less space, hence h 2 is greater than hi. 

Calculation of Vq from the data obtained is based on the following theo- 
retical considerations. According to Boyle-Marriott's law, the product of 
gas pressure (P) and the volume it occupies (V) is constant (k). 


Pressure is inversely proportional to the gas volume at a constant tempera- 
ture. 

Gas pressure in our flask will be designated as P Uhe water vapor pres- 
sure is accounted for), gas volume as Vi (when the level in the manometer is 
at zero). Hence VjP » k at a given temperature. 

If this gas volume at constant temperature is compressed to volume Vq 
( to 150 mm in the right arm of the manometer before the meniscus is seen), 
volume V, will decrease to Vq and pressure P will increase by hj. The 
product of the new pressure and the new volume will be equal to the first 
product, i. e : 

ViP - V 0 (P + hi). 

If now the flask is filled with *a'm) of water, its gas volume will decrease 
by a ml. By compressing the gas space, as in the preceding case, v/c shall 
obtain a new change in pressure 'fl 2 ). Now the equation will have the fol- 
lowing form: 

(V! - a)P = (Vo -a) (P + h 2 ) 
or 


V X P — aP = (V 0 —a) (P + h 2 ) 

A3 can be seen from the equation, VjP » V n (P + hi) 
value in the latter equation we shall obtain: U 


Substituting this 


V 0 (P + hjl-ap * (V 0 -a)(P + h 2 ). 

By opening the brackets and after reduction, we shall obtain: 


Y Q n l “ v 0 n 2 ~ah 2 . 

Solving this equation for V 0 we shall obtdln: 

ah 2 

V 0~ ' 

i» V fi£ V0,umc ,n lh ' na!k a P acc 01 

VOlurac lB op or reloa.ee 


manometer to the 
pressure P also 


Vo tV , 

Vo Bo 


70 



For V it could be registered an: 


tV « 


C ? 2 e "’ en °"! S ab8 ‘ >, ' btd Oy ii<™e me volume of 

gas "ill decrease only as a result of oxygen uptake by Ibe on.mals studied. 

' h<! ( ta ' ,Cr r3,lt "’P° 18 ,ht flask =on«ant Flask constanls 

* ‘ d 'lermlned for each volumb of the reaetton mixture ,n the flask 
ter with the object studied and the amount of KOI! In the center well) Un- 
der these conditions the amount of gas taken up (in our case of 0 2 ) will be- 


Vpfa 

Po 


e k. 


To determine oxygen uptake by the organism under study, it is first nec- 
essary to calculate the value of k and then to determine h experimentally. 

If the value of V Q is known, the flask constant k can be calculated. Prior 
to determination of flask constant, one must decide what final volume of 
liquids (water for respiration plus KOH in the center well) the flask will con- 
tain. If V p is approximately 25 ml. the maximum volume of liquid which 
can be added to the flask should not exceed 10 ml. The amount of water 
(liquid) that must be added to the flask should be approximately determined, 
the peculiarities of the organisms studied and the duration of the experiment 
should also be accounted for. It is desirable that at the end of the experi- 
ment the amount of oxygen dissolved in water will amount to 50 - 70 % of that 
initially present, 0.5 - 1.0 ml of alkali are added 

The calculation is carried out according to the formula. 


Vixffi.* Vnxa 
Pc 

where V„ - volume of gas phase m flask, including connecting tubes down 

h to the reference point - 150 mm in the closed arm of manometer, 
minus the volume of fluid In the flask (Vfi) (reaction mixture plus 
alkali); 

Vfi - volume of fluid in the flask (reaction mixture + alKaut, 

X - temperature of bath in absolute degrees (T * 273 + t”>; 
a - solubility of gas In reaction liquid - in this case of oxygen In wa- 
ter at a pressure of one atm. - (ml of O z in 1 ml liquid), Oils sol- 
ubility coefficient depends on temperature: at J0*C - O.mnu, 
at 15“C » 0.03441; at 20*C * 0.03031, at 25‘C - 0.02822, at 
30*C - 0.02612 and at 40°C * 0 02309. For intermediate tempera- 
ture, d is found by interpolation. With increasing salinity some- 
what decreases. . 

P 0 - standard pressure expressed in mm of manoeietHc hqoJb. 
Brodie's solution has a spec lf:e gravity of 1.033, so that 
730X13,6, „ 

1.033 
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It must be remembered that in this formula P 0 is expressed m millimeters 

a ”^hfnatkcmstMrh“dTonly fora give" ° f conditions. U the tem- 
perature of the experiment or the volume of liquid added to the flask W 
changed, the constant will also change (this is clearly seen from the formula!. 

In practice the folios ing procedure is used. If V 0 is known (it remains con- 
stant for long) one calculates flask constants for several volumes of liquid in 
the flask and for several temperatures. For the experiments proper, the 
corresponding constant should be used. 

Having finished all preparatory work, one may begin experiments on oxy- 
gen uptake by the experimental animal. 

A clean and dry flask 16 filled with water (the volume depends on the aim 
of the experiment) and the experimental animal or animals are placed inside 
the flask. The center well is then filled with 0.5 - 1.0 ml of alkali for the 
absorption of CO 2 . Alkali should be added carefully so as not to spill into 
the main compartment where the animal is placed Afterwards the flask is 
attached to the manometer (the stopcock should be open to the atmosphere). 

The manometer with the flask is placed in the water bath and shaken. After 
10 minutes of equilibration (when the temperature inside the flask will be 
similar to that of the water bath) the fluid in the manometer is set at 150 mm 
and the stopcock closed. The manometer is shaken for the desired time. 

At the end of the experiment shaking is discontinued, the manometers are 
placed vertically, and the liquid in the right arm of the manometer (closed 
arm) is brought to the mark 150 by means of the clamp 5. The fluid in the 
open left arm will be lower than that in the right arm. The difference be- 
tween the level in the closed and open arms h shows the change In the pres- 
sure of gas in the flask due to oxygen uptake by the experimental animal. 

The amount of oxygen taken up (A) is equal to A = kh. This is expressed 
in microliters. 

Having recorded the reading of the m a n ometer, one may continue the ex- 
periment if necessary. To do this one may open the stopcock, bring the 
liquid in the manometer to the 150 mark, close the stopcock and continue to 
shake the manometers. In this case it is as though one repeats the experiment 
from the first stage. One may also continue the experiment without opening 
the stopcock, in this case, after having recorded the reading or the mano- 
meter, the manometers are shaken, and the experiment is continued with- 
out having opened the stopcocks. In both cases it must be remembered that 
for the subsequent reading of h one must account for the meniscus level in 
the left, open arm during the first reading. 

If the duration of the experiment (t hours) and the weight of the animal 
(p grams) are known, one can calculate the amount of oxygen token up per 
one g of body weight of the animal in one hour (B). 7 P 

b (ln microliters of 0 9 /lg body 
** P* weight /hour). 

fc. ”' l8hed at the end ° r experiment only. As can 

t'e fL\; ““ Up b * thE organism stalled is equal to 

reading t, 0.5 mm (e^-il to the fla'sk “^tST BBl"' h ' ’"’h ° CCUraCy 
tn reading are addtttve). Hence it 
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constant the smaller the absolute amount of O2 which can be determined 
The flask constant changes with the size of the flask The larger the flask 
the larger the flask constant The flask constant is dependent in the main 
on the total gas volume of the flask Good results are therefore obtained 
when small flasks (15-30 ml) are used Flasks 150 ml in volume and 
larger are unsuitable 

Temperature is another factor which strongly affects the resu ts of he 
determinations It is known that a 1 -C change in temperature will result In 

a change of pressure on the gas volume by of its Initial value It follows 
that if the gas volume of the flask (above the reaction mixture) is 20 ml and 
the* temper£dure° changes by 0 fC, the gas vo.ume (or its pressure) will 

change byrn^l e by 7 3 rn.croU.ara Hence the temperature must no, 
fluctuate by more than 0 002*C in t^mrse of ttie experim Tq >Unll . 

However, such a tempera, ure^ ,m«nt (as well as 
nate the effect of temperature c ^ n f f/ r mob a rometers are used Such a ther- 
changes in atmospheric pressure ,, sK aUa ched to a manometer The 
mobarometer is an ordinary War fi volume (the volume of 

flask is filled with water words m all experiments on 

water is not of great importance) experimental animals inside It 

oxygen uptake an additional f as } change s in room pressure and 

should be used {without "^““^“corrected for by the thermobaro- 
temperature of the water bath are in 

meter. . The animals are placed in the expen- 

The use of a thermobaromet to a manometer (the stopcock is open) 
mental flask which is then anJtlon The meniscus Is set at «h" 

and placed in a water bath for ?, q “'' S ”„ c time the flask without the reaction 
150 mark of the manometer. At the i tlie same procedure After 

mixture, the thermobarometer is sub^ec ^ bath . 8a described 

equilibration of temperature (after sha » (thermobarometer) flasks 

kbsSS^ssss^?- 

ference is 35 mm mark reads 147 U either by lowering 

arm is brought down difference was brough sec j atmospheric 

ference being 3 mm This dt^ ^ or else by *he ncreas 

of the temperature in the factors together Sm « eapcrimental 

pressure in the room or by ho^ ^ >>me conditions ^ a>sume(! tto , 

meter has all thC simultaneously)^* cou^ J ^ } e ^ the 


flask . 

similar 

drop 


r has all the time been ' s 7„ ult „eously) It could be 

<a“ the readings were „?rcd in the “i 

ar change roent al flask Uh Hen 

■»> ° nd tiorTth^ainount of oxygen mtofmakhecre^u. 


32 As a result m . by 32 mm wultlkJ 

animal during the experimen 
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IT the level of liquid in the left arm of the thermobarometer had risen 
(due to rise in temperature of the water bath or to a drop In the atmospheric 
pressure) the reading of the thermobarometer is added to the value of h re- 
corded in the experimental flask. The value obtained is then multiplied by 
the flask constant. In this way the amount of oxygen (in microliters) taken 
up by the animal studied is ascertained. 

In the Warburg apparatus there is usually room for 14 flasks with mano- 
meters. This enables one to carry out simultaneous experiments with several 
organisms. In this case, recording of the results must be very careful. 

Each worker has his own method for recording results. As an example we 
shall present a form of recording results (during work with the Warburg 
apparatus), which may be useful for the beginner: 


Temp el the 
experiment 


Determination cl oxygen upuVe in Warburg apparatus 
Flask, ».o 


Experimental ccmJitlom (fluid in which animal it kept water, tailor e 


Number cf ammalt 
FlaJc volume . . . 
Volume cl KCH , . 


.Weight 

■ Water volume. 
FlaxJc cons ant - 


watu 

Thermo- 

FUtV 1 

Flask 2 

Flask 3 

■-■ESnf'. 1 ' 

barometer 

HHN iH 

mwmwam 

UUUUUi 


rMdma'mm* COll ; mn6 " naEk ""ask 2" and "flask 3" show: 1- 
readmg mm, 2-change in the pressure of the flask, h: 3-correction for 

5-oxygen takinun ~ Qta " ge m P ressure ° r ‘he flask due to oxygen uptake; 

°ResplrtUion rate L l®'” " P ' ake ln ■"l<=™l.ter S /g body weigSt/hoir. 
lemlTZ i ^ mea * ured fa y ‘he total uptake method and the in- 
mitial readme froTan a <0,al “ Plake iS emulated by subtracting the 
the beginning of the e ? set l uen ‘ readings. The rate is calculated from 
procedure of subtract?" I"'" Tt,e ln,erval ™‘hod is based on the 

op f “• The va,ue 

body weight or the fish studied Bousing tm t Per h °“ r and 1 g 

plration In the course of the cxoerfm. f® me ' hod - ‘he kinetics of res- 
studied by the total uptake method E,ud,ed - Th ’S cannot be 

tiona are needed. * * nce * or this method additional calcula- 

stopcock should be clos'ed dHrinTihfd' S ' he r ‘ rEt varian ‘- ,he manometer 
the beginning to the end. v ith duration of the entire experiment, from 
closed as in the first variant or *** 8to P cock ma y be ke P t 

opened and the meniscus set at the ISO JUS* i | , ? terv81 the stopcock maybe 
and the shaking continued. ark * then tbc stopcock is closed. 





DRASTICH RESHROMETER 

Drastich modified Barcroft's blood*gas manometer so that it can be used 

as a microrespirometer (Fig. 23). c 

The method is based on the following principle: The apparatus contains 
two identical flasks A and B. One flask contains the erperlment al imlt nal. 
The flasks are connected with each other by means of a tube (1) ms de of 
which there is a drop of liquid (colored paraffin > l ° r> ‘ “ * s Sorbed 

"index" If CO, given off 

by KOH solution placed m * fll / ecreaae owing to oxygen con- 

the pressure of the air above me uq a dl fference betwee- «»•* 

sumption by the experimental u no ted (in Bask B the pressure r 
nrpssure in flask A and flask B will be noted Un iias j 


sumption by the experimental notcd^hHlasJc B the pressure remains 
pressure in flask A and flask B ™d to lev el off and the drop of 

unchanged). This difference P wiU move from b towards A. If 

liquid (2) in the tube connecting both fljsk wh ich lhe llqufd moves 

in the expcrlmentat flaek 

,S ^For tT mor^comptete^aleulatior^of the ^g'^'ppgr'end’ c!f which is 

anfmal In flask A. Dr ? 3t ‘ ch . a , nd the Middle part of tub. (1) (■« Fig S3), 
into tube (1) between flask A an “ ends , n „ metallic muff with 

The lower end of tube (41 i« w “ d , ruH) er tube filled with mercury, 

a screw (5) inside it. “ when 5>« experimental animal takes up 

nnd provided with a screw clajnP Who h left towards flaak A. By 

oxygen, the liquid (2) in tube U> “ ^column of mercury ri.« » tube ,4). 
screwing up the screw of the muft l 1. moves to the rl S bl b * ck . 

^rn^'^howP^F^^-, lhe mlcror e.p,rograph (as ft «. «-« 

I. *hat follow* i « the word. ,“££££ Into tube ( 4 ) by 

* ^r.D V ri.«eh respfr-e;-. 

oMhe* tube ^®^ a ° COn thre<S Tc)*.* the other end^ Whe^* lUbel^The ttwead* 
with o precise <"'* c , ^creases, „ h ,„ >lr „ pumped 

inner volume of the s the device is airtig • ^ Bcre w head 1* 

tt,. screw by onc , i-m enter the soc*®** j ir is* diameter a** 3 

X-. ° TMs amount - - * - be 

with the analyse* - - Nevertheless, w 

of the screw are ® 
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determined with the aid of Hg. In our model, one turn of the screw allows 
6 microliters of air to enter the tube. The turn of the screw by one division 
is accomplished by means of an electric mag- 
net (em) which Is attracted by an anchor (an). 

Through the central part of capillary scale 
of the index ( 1 ) passes a narrow and strong 
beam of light which falls on a photoelectric 
cell (pe) The narrow and thick -walled empty 
capillary tube disperses the light strongly, so 
that the photoelectric cell is weakly illuminated 
But when the ray passes through the drop of 
paraffin the scattering capacity of the capillary 
tube diminishes, and the photoelectric ceil re- 
ceives a strong beam of light. The photo- 
stream passes into an amplifier and a relay 
(placed in one box-u). The relay causes the 
electric magnet to switch on and off into the 
retifier circuit fed from the main. Alternating 
current is unsuitable. The increased beam of 
light can be controlled so that it will be insuffi- 
cient to close the relay until the paraffin drop 
is beyond the reach of the beam of light, and 
permits the closure of the relay when the drop 
passes across the beam. 

The apparatus works in the following man- 
ner. The flask analyzer contains the experi- 
mental animal which consumes oxygen at a cer- 
tain rate. Carbonic acid given off during res- 
piration is absorbed by alkali. The paraffin 
drop in the index scale initially placed to the 
right of the light beam (i. e. from the analyzer) 
gradually moves to the left (with decreasing 
oxjgen content) until it passes across the beam 
of light. The light-scattering capacity of the 
capillary thus decreases, and the photoelectric 
fication of the rif t, * Cel * r ®f eiveB more light, which causes ampli- 

u“ s.dche, V Th ' 6 <he rel *y which ™ 

reC,i,icr circ ”“- The electric 

tng or the screv bv one df.f W | C .i urT1B the scre# hy one division. The turn- 
the system vhich fs connem^iththTaSl^ an J Dmrt ot >nto that part of 
liters of air). As a result , analyzer (in our apparatus - 6 micro- 

away from the analyzer. The beam of li^ht^" “m*” mOVeB to the rj 6 ht ' 1 e 
weakens, the stream of nhntrmc a reac hing the photoelectric cell 

electric nrngnet SwHclSSr^ir.f^.'l' a ” d ,he r ' !ay «»**«« lh = 

paraffin passes across the^eam of lfchl P ' 3 f e °" ly whcn Ihe drop of 
»ill have taken up c microliters of olygen*’" ' be “' ;cr,me " tal animal 

of ™*««" " ms'liU ’"'on 8 :’','? “ f ' h ' «*** ^ give a „„ turn 
time elapsed between twf tumin * JVe end of ,hc screw Thus, during the 
taken up 6 microlners of oxygen* I r Ttf <hC e, '! , ' r,m ental animal had 

°*ygen. if the time during which 6 microliters of 



oxygen had been taken up is known, 
minute) can be easily calculated. 


the rate of oxygen uptake (per hour or 



A schematic representation of the self-recording device is illustrated in 
Fig. 25. Metallic rod (1) passes through a hole in the wall of a cardboard 
drum (2) which revolves freely on its axis (5). One end of the rod is con- 
nected with an axis of a large hand of a clock. The axis makes a full circle 
in one hour and 60 does the drum. Plate 3 is sealed to axis (5). Since this 
plate is placed between spring spires attached to the back of the drum, 
it moves the latter along its axis during rotation. Owing to this the drum 
has two movements: revolving and linear -progressive. The drum is cov- 
ered with a paper on which the dots are marked. Owing to the dual motion 
of the drum, the dots are arranged along a spiral. At the end of the experi- 
ment the paper is taken off the drum and calculations are made. 

In this particular case each dot on the paper corresponds to 6 microliters 
of oxygen taken up by the animal (the marker drew dots when G microliters 
of air had entered the tube). If the time Interval during which this amount 
of oxygen was taken up is known, the total oxygen uptake may be calculated 

as 3 amount of oxygen taken up (inp 1/hour). Or in a general form: 


n , 60 „ , 

t “ amount of oxygen taken up, where n a volume of air introduced at 
each turn of the screw; t - time elapsed between two turns of the screw. 


BIBLIOGRAPHY 
Publications in Russian 

1. Geirovsfcii, ya IHeyrovsky] . Polyarogr^lche.Wl metod, teoriya 

• G 6 1 r ° V »auii' 5^ y I"858. POlyar08Ta<lya '^arography). - 

3. G e i r o 7 E ^ J"^ V8k yl • Tekhmka polyarografichefikogo 

- Gofchshteln, Ya. O predel'nom toke voBatanavHvayuahchegosya 

e,e “ rode *£££%£%* 

5- Lur'e ylf't; 1 wES •^T7sSr Ctr ° de> - ‘ Zh "“‘ A “' 

.. PoIya >r v k ? fS ™ n £<r ,tBy <— 

dykhanlya melijk7lhWm7,S J 7^? 0mati ^ heBl '- 01 re K lBtra,sI1 
R*gi«ering Apparatu- 'c^ iV k CEp r0gI ' an lA New SeU- 
mals (Micror^IrographS -° T l B d °”.| !e t Plrat,C,n in Sma11 Anl ' 

chaekogp Inrtitaa EytaL„ yj ™ !oB k °™*°go Tekhnologl- 

Moerybvtuz, Ko.2. '.7~j yzlstva i Promyshlennoeti, 


78 


7 ' Sh ‘ efa ”;/i Sra ™'M'™-f«mloS.cheskoe ta^dorauy«* r ~~ io 
ffekia u ryb (Comparative Studies on Croup Effect in Fish) - 
o «, Kandidatskaya dissertatsiya, MGU. 1957. 

roganov, N.S. Dejstvie temperatury na sootnoehenie protsessov 
gaxoobmena u okunei (Effect of Temperature on Gaseous Ex- 
1 939 fie ^ Perches ^ - F«i°logicheskfa Zhurnal, Vol 26, No. 1 

9. Stroganov, N.S. Zavisunost' dykhaniya ryb ot skorosti techemya 
vody (The Effect of Rate of Water Flow on Fish Respiration). - 
Vestrnk Moskovskogo Unlversiteta, No. 2 1949. 

• Veselov, E. A. Vliyanie solenosti vneshnei sredy na inteneiynost' 
dykhaniya ryb (The Effect of Salinity of the External Medium on 
the Rate of Respiration in Fish). - Zoologicheskii Zhurnal, 

Vol. 28, No. 1. 1949. 


Publications in Other Languages 


Cruising Speed of Goldfish in Relation 
> J. Fish. Res. Board Canades, Vol. 7. 


*■ Pry, F.E.J. andJ.S Hart. 

to Water Temperature. - 
1948. 

2. Fry, F.E.J. andJ.S. Hart, The Relation of Temperature to Oxygen 

Consumption in the Goldfish. — Biol Bull., Vol. 94, No. 1. 1940a. 

3. Gaarder, T. tlber den Emfluss des Sauerstoffdruckes aid den Stolt- 

wechsel. Nach VersuchenanKarpfen. -Biochem. Z. Ed 89. 1918 

4. Keys, A. The Measurements of the Respiratory Exchange of Aquatic 

Animals.- Biol. Bull.. Vol. 59. 1930. 

5. Kolthoff, T.M. and G. A. Laitf nen. - pH and Electro- titrations, 

Russian translation. 1947. 

6. Kr ogh, A. — The Respiratory Exchange of Animals and Man. London. 

7. Sp o o r, W. A. A Quantitative Study of the Relationship Between the 

Activity and Oxygen Consumption of the Goldfish, and its Applica- 
tion to the Measurement of Respiratory Metabolism in Fishes. - 
Biol. Bull., Vol. 91, No. 3. 1946. „ 

8. Winteratein, H. Eeitrage Kmntls d.r Fischatmmj. - PHUgers 

Arch. ges. Physiol., Bd.125. 1908. 



DETERMINATION OF ACTIVE METABOLISM 


V.S. Ivlev 

(Sevzaopol Biological Station ©I the Academy of Science* of the USSR) 

Energy-yielding metabolism Is one of the main biochemical criteria or- 
ganically linked with the main vital functions of animals, including fish. At 
the present a wealth of empirical data has accumulated on energy- yielding 
metabolism of fish in a relative resting 6tate. These data enable one to 
make a number of generalizations on Individual taxonomic groups and on 
the class of fish sn general (Vinberg. 195G). The active metabolism of fish 
(energy expenditure for muscle work) has been studied less thoroughly. 

This aspect of metabolism, however, is not less important for the solution 
?! ™ c ”“® th eoretical, in particular evolutional, and of practical prob- 
! !^ Glr natUral envI ronment never exist in a resting state; for 
S "If "T <herer ° re have a certain concept ot the.renergy 

been difficult y arl0u8 ThC oblainin B °f these data 

Onlv recentlv » , , “ue to the absence of suitable methods. 

?nd dita of or'ima , t meth ° d ° l °gl‘:al problems have been overcome 
ana aata ot primary Importance were obtained 

prortTeVbrerneVimr.^"^' 1 ,': ? “^-arteWing metabolism have been 

IheTagmtudToMhls 1 find' 837 * to 

(cued by Weinberg. 195G), may to^rted ' Webb a " d F “ Uer 

*° ' h : : eUt!m ' oxygen con- 
The main part of the s' oT in “ , “ Sed ,be method, 

the experimental animal (Figured )” The l * ,h ' rn ’° B,at wl,h a vessel for 
of tubes With the aid of whiciTa const fi ? ls P rovIded with a system 
piration vessel is filled with water from t£ Vr t °J. Water Is enau red. The res- 
which a constant level, and hence a const ! (Figure *' U) in 

maintained. On the right side of Fi™? \ r3te ° f water replacement, is 
the outflow of water. One of these 1 l* 161 " 6 are tubea whIch eerve for 
in the respiration vessel, and the other fn f ' tabllizln g the water level 

'"“"rn^hr- are - 01 bealterB In v ' hlch de ' 

vided with a sensitive mecSem »hlch T' ,be i» pro- 

coused by fish movement. Tt”iSi e ^ Tl!' °< water 

onslsts of blades whose position 
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in water changes when a ripple appears, and transmit the corresponding 
impulses through a relay of high sensitivity to an automatic self-registering 
device (this is not shown in the Figure) 

It was seen that various external factors (even the presence of a person 
in the room) affect the behavior of fish, their movements become more 
marked, and as a result, their metabolic rate increases. To eliminate these 
obstacles, the tubes and electric wires were continued to adjacent rooms 
and the apparatus was used as if by remote control. 

The Spoor apparatus enables one to carry out experiments for Indefinite 
periods of time, some experiments of this author lasted several months. 

The main task of Spoor was not to study the active metabolic rate, but 
to find the real value of basal metabolism which could not be measured in 
the conventional respirometers. This apparatus is therefore so designed 
that it can register the number of movements, but cannot assay the magni- 
tude of muscle work performed This feature led to the creation of other 
models allowing for the determination of muscle work and metabolic rate. 


The apparatus to be described was constructed by Black, Fry and Scott 
(1 939), and has been widely used by Fry and Hart (1 948) in a modified form 
The cross-section of this apparatus is presented in Figure 2. 

The fish to be studied is placed m a ring-shaped vessel with a rectangular 
cross-section The outer watl is made of glass, and the inner wall and bot- 
tom of metal The outer diameter of the chamber is 30 cm. its width 7.5cm, 
and its depth 15 cm 

m«w! ie «hIl ai S bCP K l8 f * ll f d V/lth a kn<Wn volume of water, the fish is placed 

n'i I h , e lattcr 18 ,hen cIoMd a nonhermetical floating 

The S ‘? ?, et ln motion with the aid or a epecial motor. 

LavZt re LT ^ ° nS , PCr Un “ ° f timo ca " be controlled The f.sh en- 

the ve” * , v oMhe " f'T' a ” d bcgins *° “*■"> < bd motion If 

worV done bv the t M Cr \° Un ' ,hc s P= ed ° f ,hc motion of the fiah (i.e. 
withdrawn te meaner be catcula ’< :d . 1 00 ml water samples are 

a little for this Du ™„ a ,hr0 “ 6h a hole in the lid The lid is lowered 

content Is determined by the melted of Wintor." 11 50 m ‘ beaker6 ’ OXyBCn 

chamber^from'th^hemis'pteme, 0 the fcdlovdng^adtbtf thl i Wi “ er ‘ nS ‘ de ‘ h ° 

the water in the chamber w^lth the°tld n m ln OXyeen con *ent of 

the basis of these determinations the eel ?? '" aS then delerm ined. On 
corrected for. * calculations on fish respiration were 

The desired temperature in th»» , 

the latter with a stream of water at the H CP maintained b Y sprinkling 

According to the authors, the ap D arat,?« tem P erature through tube 6. 

A more complicated and improved a™ E f ve 1 re P roduc ‘ble results, 
was described by Basu (1 05*11 fmm u 1 P paratU8 based on similar principles 
ration chamber (Figure 3) i E placed ^ * laborat0r y (Canada). The respi- 
outer diameter 30 1 cm. inner dm 2 ,able - of chamber 

section 3 9 cm. vo 1 „me5.M0 r mr rn T^ r J 1 -?fT- d ^«‘«’ of cross- 
consists in the paired electrodes whin' T 1 ' eatl,re ° f this a PP a natus 
posfion during motion of the ctamter , 1 * he fiBh et V r ‘*c d i" one 

“ lX ™ r ,Cn,U ' ^ created ,„^ e a r : d "° ,h " words, electric screens 
trodcs), which do not enable the anteaf, tbt! ,lBh (3 vol,s on elec- 

anbna! to m »™ In the chamber. The 
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electrodes are connected 
collector* with the aid of 
on The optimal rate is 


with the contacts of the synchronously revolving 
which alternating pairs of electrodes are switched 
20 revolutions per minute The duration of each 


experiment is 15-20 minutes 



reran cr» 

‘r, b : - 

lid d-fflov.W* bolWW feJ »!tlrfl—l=S 

of electrodes and 

There is always a danger £ nSdfeWr " mov«me”» f {J* 

chamber. Data on ” C ™ S r „, ot U"«“ ‘ n ? 

they depended only l* ttle caU tion in ufiing . 

strange circumstance «® ucted by 038 “ e 4 The respirat °" tabo ij«n 
case in the apparatus repr esented in ^ ?^ rm ination of * cllv 

The Basu apparatus permitting^® ** illustrated . mUaP P Hn ' 

her and additional de q, and CO2 95?) is based on made 

a, a given partial '»?£' Inner 

The Wohlschlag aPP al details ' Th oUi ; r dlametw- « |w of the 
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bottomless home placed 

graph may be used) The num er re table four -legged table of 

lated The entire system Is f“ spc "^ ° bIf , P 1 i e , the height of the ap- 
~; C "' a system of pulleys the motor with the 
chamber may be rapidly lowered or lifted 




J\GL* t \ P^Klvtci trtpdttlon chimbaf cl lit ' a. Top— trow-wctStyn 

- liMtd «<«W 


1-tU* •*** Or* bcU (h«l(ht |J 7 cm 19cm) 2- com mu 

*"*** • - alumlalww tl«ct(rwl«t Jr— vppet <l»clrt>J»» 6 -lower 

•bclwfci 7-cowh*cton low* el commutator with 

* v *“ t »****•*»• k-tow-lxton t« pi Mtic brb*« which cociMCl upp«r plitrt 
M iwMiha »’* Ijmi ,U<tf>lr) » pi!f d cortKt coft*( bnabtl 
W-t««ttiwWt..r,l M h„ CK4 m«ta ll-wolrl-t table 




nCURZ 4 A tfrviee tot continuoue ripply ol wtter *c vuying teroperiturt tod 
•'trying CO z tnd Oj ea> tests In lb» B«n appiratui 

1— electric (pytcx glm) heifer 5 <X» w*ff {w«cr flow* from Itopooclj. 2— reoel 
/or tatuurlae wilfr Mmprntur*; 3-Olfer with glut wool 4-rewrvoJf wltt coo- 
•tint level 5~lnl«» Into a tpriyiag column 6-gif outlet 7 tad S- oxygen 
•praying column! P-glttJ fphtrrl lO-thiBdaloa {rottctlvt jfiiit 11 -Wei 
ter nitrogen 12-watw damp* 11- Inlet into !4 l4-contt*nf Uvtl norvoir; 

IS- overflow of wtler nets- li-beicicg verw!* 1 7-cttboalc »cl<l e^ulUbrtorn 
column JS-otygea equilibrium column, IS- Inlet for otyj.n, 20- islet for 
CO: 21— entry Into 22 22— mixing bottle 21-itr trip 24 -Inlet 2J-r»<pi- 
ritioo cb.raber- 25-coortMt tempcMOor water t.ii 27- thermo me let 

The apparatus is so constructed that it can be used under natural con 
ditions It is placed in a natural water reservoir and the chamber Is to- 
merfied to a depth of somewhat Jess than 1 m The natural conditions of 
the fish in question (temperature, light) are thus maintained (the fish used 



in these experiments are taken from the reservoir in which the chamber 
is immersed. 

The study is carried out as follows: The apparatus is assembled, the 
chamber is filled with water from the reservoir in question, the fish is 
caught and immediately placed in the chamber- The lid is closed, the cham- 
ber is immersed in water and set in revolving motion. The size of the cham- 
ber is such as to correspond to 1 m distance passed by the fish during one 
revolution. 

Water samples are withdrawn after 10-15, 30, 45 and 60 minutes. Water 
temperature is measured at the same time. For each sample 265 ml of 
water are withdrawn, the loss being immediately replaced from the reser- 
voir. This procedure takes 1 minute (the chamber must be taken out of the 
water and the motor must be stopped). Oxygen is determined by the sim- 
plified method of Winkler. 

1 have somewhat modified (Ivlev, 1962) Wohlschlag's apparatus so that 
it can be used for studies on small fish fry under laboratory conditions. A 
schematic representation of our modified apparatus is depicted in Figure 5. 

The revolving chamber is connected to a reductor which allows for con- 
trol of the rate of revolutions. The reductor in its turn is connected with 
a Warren electric motor with a constant number of revolutions. In our ap- 
paratus no additional water reservoir is present, so that only two oxygen 
concentrations in the chamber can be registered before the experiment, and 
after the experiment (after 20 to 60 minutes). Studies on active metabolism 
o salmon and bleak fry carried out with the aid of our apparatus gave re- 
producible results. 


In the U.S.S.H., in the Institute of Physics of the Sea, an apparatus has 
been constructed for studies on active fish metabolism. This apparatus is 
3 , r<mt P rinci P le (Kovalevskaya, 1956). In this apparatus (Fig- 
re 61 the respiration chamber Is an immobile, closed, O- shaped vessel. 
“ tl °? 01 w ?® r whlch the fish must overcome is created by a screw 
litpr^ er ? an electr ‘ c «»'•' The number of revolutions of the 

ser™ nrr 8 ! 1 ! y mea " S ° f 3 rhe ° B,at - The arts of the motor and the 
flovTof'watei'tn th™ C ° nn f <ed lo a taehymeter (calibrated according to the 
In chamber with the aid of a TsAGI now meter), 

which the ( !; e dhamber ‘s => rectangular opening through 

e Studietl 1S P* aced «■ lh “ chamber. Water inside the 
pt ed iboirttocen'ir 'r , air * a water mied receiver 
which water is taken tn 6 l 6 receiver serv es also as a reservoir from 
is Withdrawn through a s^ciaTampcock"'" 5 "'"’ anal y sis - Wa,er 

24.000 mi ar " ber 18 trans P arent ; ns length is 100 cm and its volume 


netm^ tl^fn^t neM^vith^heTstream'of the^t^t* V"' batw «" *”° 

openings which facilitate a unifo™ * hc w ^ terJ ls provided with special 
the section in whtch the fish Is d ‘ s,r ‘ bu,ion water currents inside 
paratus is depicted in Figure 7* ^ * T ** e ^ eneral appearance of this ap- 

In her work with *ut_ 

methodological and fundamental er L ' A ' K ° va levskaya made several 
Vinberg (10561. These error? how w htch were reviewed by G , G . 

errors, however, have nothing to do with the 

** St with thb apparitu* 
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apparatus itself. anrt * 

any other model constructed^ * SSUmed tha{ WOr ^ 

and reliable results * SJmlIar Principl 


with this apparatus or 
e yield reproducible 



rtCUM s WohUcUig tppitttut as joodlfird fc)> Jy)*v 
I —support tripod 2- wimn rlrctric motor with • c mutant number 
of revolutions {SO rpm) J— redactor wllb three speeds (Iw nvotyiog 
the mpintfoa Chamber u 0.65 2.01 end 6 42 cm/itc) 4— disc with 
suspension brackets 5— respiration chamber from plexiglass {outer 
dlimetcr 24 cm Inner diameter 16 cm ctcea-tectloo 4X 4 cm vol 
urn* shout 1 000 ml) 6— constant Uatptrtnn water hath ?-tnbe 
connecting feiptrillon chamber with the atmospheric »ir- 8— lid 
coveted opening {through which the /1th <1 placed la the chamber) 
9-ltopcock lot withdrawing water (ampler 10-prop for water bath 
(removed during sampling fl— thermometer- paper (trip with 
transverse black haadi which swnounA the water bath and promoter 
fixation ot the fish In one place during the revolving procedure U 
not shown. 


Studies on active metabolism are of great scientific and practical in- 
terest Let us recall that the rate of fish respiration obtained by conven 
tional methods is not representative of the level of basal metabolism, be- 
cause the fish during the experiments is never in a state of complete rest 
As a matter of fact the metabolic rate determined is called an ordinary 
or standard metabolism Attempts made to ascertain how much higher 
this standard metabolism is than the basal metabolism have shown that the 



latter constitutes about 607a of the standard metabolism which Is empirically 
determined (Vinberg 19o6) This value has been obtained on the basis of 
sporadic calculations carried out by physiologists It can be assumed that 
this value shows wide variations, depending on the age, state and species 
features of the fish studied as well as on the technique employed by each 
worker 



F1CUPX 6 Schematic repterentatlon of KovalmVaya t apparatu* 

1-icrew propeller 2 electric mo or 3-tachymetcr 4 rheottat S-vcuel flUed with water for cloelng the 
openlo*. 6 iiopcock lot withdrawing water lampte* 




4 Spoor, W A A Quantitative Study of the Relationship Between the 

Activity s> n d Oxygen Consumption of the Goldfish and its Applica- 
tion to the Measurement of Respiratory Metabolism of Fishes. — 
Biol Bull, Vol <>1, No. 3. 194G. 

5. Wohlscl iag, D.E Differences in Metabolic Rates of Migratory 
and Resident Freshwater Form on an Arctic Whitefish. — 
Ecology, Vol 38, No. 3. 1957. 
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BALANCE SHEET EXPERIMENTS ON NITROGEN METABOLISM OP FISH 

G.S Karzinkin and M. N, Knvobok 

<AU Union R«««eh Initituie of Marble Flihcty and Oceanography) 

Balance sheet experiments on nitrogen metabolism are widely used in 
physiological and ecological studies a knowledge of nitrogen balance is 
indispensable for the determination of protein requirement in the animal 
in question The amount of nitrogen intake of the animal with the food, a 
well as that of nitrogen excreted {with urine, sweat and feces) is measured. 
Nitrogen balance sheet experiments with fish differ from those carried out 
with warm-blooded animals. In experiments with warm-blooded animals 
the observations (from the beginning to the end) are made on one animal. In 
the case of fish, however, numerous specimens may be used in a single ex- 
periment. In addition, cattle-breeders are interested in the amount of nitro- 
gen deposited in the body of the cattle, this value represents the difference 
between the amount ol nitrogen taken in with fooci and the amount excreted in 
the feces and in products of protein metabolism 

In experiments with fish the unknown value is usually the amount of mtroger 
intake by the fish with the food per time unit. This is equal to the sum of nit~ 
rogen deposited in the body of the fish and the nitrogen excreted in the feces, 
and other products of protein metabolism. The amount of nitrogen deposited 
is determined by the difference between the average nitrogen content in the 
body of the fish at the beginning and end of the experiment. Nitrogen content 
in the fish body can be determined after killing all the fish under study. The 
amount d/ nitrogen which has not been utilized and mtrogen in the products 
of protein metabolism is determined experimentally as in the case of higher 
animals. 

Relationship between the amount of nitrogen utilized and the weight of food 
eaten is determined by analysis of the content of fish intestines The snoiyses 
are carried out at the beginning and end of the observation, and show the aver 
age weight ratio between various food components and their average nitrogen 
content Hence the amount of nitrogen utilized per weight of food eaten can 
be easily calculated. 

From these facts it follows that the accuracy of the results obtained is to 
a considerable extent determined by the accuracy with which the gain in weight 
of fish is determined The gain in weight depends both on the fish -species and 
the duration of the experiment Hence the duration of the experiment is or 
paramount importance. 


DURATION OF FXPER1MENTS 


To determine the increase in nitrogen content in the body of the fish, the 
experiments on nitrogen balance should be carried out for relatively long 
periods of time 

It is difficult to determine the extent of increase in nitrogen in short-term 
experiments, when, on the other hand, the experiments arc too long, the 
features of growth at the varying growth stages remain unobserved. Hence 
the duration of the experiment should depend both on the growth features of 
the object to be studied and on the experimental conditions. 

The highest rate of growth of fish is observed in the early stages of their 
development With the growth of the fish the rate of growth diminishes, al- 
though it never ceases altogether. Hence the duration of experiments with 
fish fry should be shorter that that of experiments with adult fish. Studies 
on fry of rapidly growing fish {sturgeons, various predatory fish, sazan, 
carp and others) commencing from the stage of active feeding until they at- 
tain an average weight of 0,5 g should last 5 days. In experiments with fish 
with a lower rate of growth (bream, roach) observations should be carried 
out when their average weight is 0.2 g. and in experiments with such fish as 
moderlieschen , when their average weight is 0.1 g. With further growth, 
observations may be made every 10 days. In the case of adult fish under 
constant environmental conditions, except for spawning periods, determina- 
tions may be made every 15 days. In summer the interval between the de- 
termmations should not exceed 15 days. This is because the metabolic rate 
epen s no only on the age of the fish, but on the food resources, tempera- 
r:* amOU, l\ and c ° mposit * on of the gases dissolved in the water, and other 
tf condltlons * whi ch in summer may show a marked change. 

“ \ a 5 e kept J" an aquarium or in ponds, and their growth conditions 

" ° f f °° d et0) ,he °" determination of the 

preceding perlod'ot' 31 "!!^ Sh ° uld bo carrie<1 (at the end of the 

tmter when lh er ° w ; h > a '; d immed ‘ately after changing growth conditions), 
lions : " ,e iS , l0Wered a " d th * hydrological condi- 

young 6<h) majTbcT carried £ ^"“davs" ° f b °‘ h adUU 

before the * 18h * the °h Be rvations should be carried out 

meats during f"? “= aampletien. To beg.n experi- 

Will diBtort the estimate Jr seles8 ' since excretion of sexual products 
erty of fish Th * aharaoteristlc prop- 

must be stressed that the JL*», eIr high rate of protein deamination. It 
during spawning have not vet h Je 8 °h Btudy on mtro gen metabolism m fish 

8ub £ f r p i 1 ?^ and muB * be the 


reservoirs with rapidly chnnomn u a e5 J per ^ ments on fish from freshwater 
sea these changes are slower nJfrt ^ r ° °® lca * ®nd food conditions. In the 
menta with marine fishes can he r^ > ^ e ^ radua1 ' Hence balance sheet experi- 
thc experiments can be adopted to f ° r longer periods of time, and 

oopted to the various stages of fish development. 


COLLECTION OF MATERIAL 
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made of fine -meshed gause or netting. The fry are taken out of the landtag 
netlwhfch should not be taken out of water) otto a beaker or a small .net and_ 
are transferred into a bucket. Older fry may be *•««»* 
mesh scraper, and adult fish by means o sw p ' (bream and 

without taking the landing-net out of water o[ . special 

roach fry, for example) is ftah are better trans- 

net. Less delicate fry, such as w Id c M ^ ^ experiments, since 

ferredbyhand Fish caught in ne the m. Fish caught bj traps, 

the nets tend to do damage to the ft 8 ^ spe nt by the flsh m 
dragnets and sweep-nets «"> ** " ed swpe p-nets can be used in the expert- 
these traps is known. Fish caught i» p earned out at intervals not 
ments if they are caught during repealed sorting 

longer than one hour. , n nitrogen content is determined 

The accuracy with which the me weight of the fish studied Since 

depends on the accurate determination of the « d (eaph group con- 

the' growth rate of any tW'^SSfbl, large numbers of 
sists of fish of the same age) lluctmKs. ^ ter the fluctuations in the 
specimens should be subjected Wanaly^ be subjKted to analysis 

weight of individual specimens, weight and size. t 

for the determination of an average gain “ 8 r ^ condition not 

“is desirable that in experiments withhsta for each dstsr- 

less than 50to 100 specimens should b ^ ^ dete rmlnat on i of « 

C-term ssmples * ””°“ S 

. apneia) 8^" TJ-' 

velopinent are weighe o al bo i an ce with an ace ^ weighed, the 
fry are weighed on an analytl sca les. Befo ^ | an2e (t0 re- 

lish are weighed on ordw / a filter paper or «ip ' “ be det ermtaed by 
fish should be slightly dried weight of fry ™ f d m studies 

e excess moisture). The ^ ^ weighed fish wer^ ^ (>sb 


ove exceBS moisture). ® 5 t0 i5 weighed 1S * In large fish only 

weighing all fry together. IF aId ehyde s» lut ‘ welght , sex. stage 

an nutrition.) Fry 1. taf “ place of „ Is desir- 

intestfnes are examined < , and age should tbe experiment 

of ripeness of the sexual pro . t fihouId be ma^'P" ls of these mease, 

ible that ail S," hsh“. *s 


,1 ripeness rements'should be ^"asta otthese measure- 

able that all these measu m experiment » 1 , d i sp osal (for 

proper (i. e. to select fish for ^ number of m rinJ e„ts are car 

mental. If the mvesUgato >£ , balance-s weighed (to as- 

example fish grown m aln ing fish «" mMS “ of 

the water reservoir or aqu» 


93 



PREPARATION AND CARRYING OUT OF EXPERIMENTS 


Before commencing balance-sheet experiments, one must prepare vessels 
m which the fish will be placed and provide adequate amount of filtered water. 
Broad, flat-bottomed vessels should be used. Water in such vessels should 
be well aerated and excreta can be easily removed. For experiments with fish 
fry glass vessels or other suitable vessels may be used. For experiments 
with larger fish, aquarium jars or, enamel basins may be used. For experi- 
ments with fresh-water fish, aluminum tanks and galvanized iron tubs may be 
used. To facilitate the withdrawal of excreta, the glass vessels should be 
placed against a white background (on a white oil-cloth, for example) while 
the basins should be coated on the inner surface with white enamel. The 
vessels should be protected from sunlight, care should be taken that the fish 
will not be disturbed during the experiment To avoid contamination and to 
prevent the fish from jumping out of the vessel, the latter should be covered 
with glass or gauze. 

Three vessels are prepared for each experiment: two for the experiment 
proper and the third to serve as a control. In addition, a vessel with reserve 
fish should be ready In case the investigator wants to change the fish in the 
course of the experiment 

The aquarium is filled with water from the reservoir from which the ex- 
perimental fish had been taken. Before use, water should be filtered through 
filter paper or cotton wool. Tap water may be used only for experiments 
with fish grown in tap water. Chlorine-free water should be used. The fil- 
tered water is kept in one large vessel from which it is distributed to the 
experimental vessels. 


a f n ° unt water poured into the aquarium should be calculated so 
that the fish i will not suffer from lack of oxygen during the three-hour ex- 
p enment Water should not he added in excess, since In such a case the 

P f.°? UI !. tS ., eXC . retCd wlU be hl £ hl y dUu,1!d and the analytical results 
her of r ls dlfflcult to determine the accurate ratio of water to the num- 
th.tr i, " " the experiment - This depends on the fish species, 

waterl and 'T 0 ' 1 '"'"'’ 1 condl “°ns (water temperature, oxygen content in 
vesse s used th = " umber ° r tlab ^d 1- ‘he experiment and volume of the 
content the later h^m f ex , am P Ie -» hl = b are very sensitive to oxygen 
ter than eazana a J ° Ud be 'taken in fewer numbers per given volume of wa- 
casilvT If the waterTe^ 8 <mdurC low “W« concentrations more 

increase the volume ,bm P' ra ‘“« > rises. ‘wo approaches are feasible- l)to 
2) to decrease ™ IT' ^,7 r‘' the numbcr ° r fish ‘••“‘tains constant, or 

water remains constant!*^ ° iSh US ' d ' h<! e ‘ £ Pe rin 'ent while the volume of 

gem * B Ohe^concentration* of nm) 6 e T r ‘ men,al ,,£h 'ack <* °*y- 

When the concentration of oxy2nTern adeqUa ! e ^ £ISh 6Wim ab ° Ut calmly ' 
gulping movements. In this case crlu ® al . the fish begin to make 

The larger the number of fish used fn Bhould be added to the aquarium, 

results The obtaining of large r„™J thC ox ' )erime nt, the more accurate the 
early cages of development mavTOO ° :f nd of fry in their 

samples are needed for two nav-.it i es P ecia ^y difficult. Two hundred ml 
water, hence the volume of water ete /‘ rnination 8 of nitrogen content in 

250 ml. This quantity or water is ®^ uarlun » should not be less than 

y oi water is enough for experiments with 30 - 50 
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actively feeding sazan fry. For experiments with fish weighing up to 1.0 g 
the vessel should be filled with 500 ml of water, and for experiments with 
larger fish, 1000 ml of water should be used. Experiments with single fish 
should be avoided. Experiments with singleffsharecarned outonly withlarge 
specimens and in cases' when it is difficult to obtain fish in the nece ssary 
numbers, or when appropriate vessels for studies on large fish are lacking 
The amount of water in the experimental vessel must be accurately meas 

Ur The temperature of water in the experimental vessel should be as close 
as possible to that of jS Vessels s'houW 'be placed 
in'a'water bath wl^h a'd^ired^te^peratm^^barge^aqinmiums or^lidas may 
be immersed in water reservoirs 1 ””” reS ervoir. in places protected 
should be done near the shore of the water reservoir, mp 

against waves. „ hnl ,i es the former are taken out of 

Excreta should be c0 “”“ J,*” mc/provided with rubber bulbs. The 
the aquarium by means of Pas J, Uow rem oval of excreta. The 

diameter of the ptpets should be mlmmal amount of water, 

excrements should be taken together „ separate bottle (500 ml bottles 

Water from each aquarium 5 '£ 5 stopp ers should be 

with rubber stoppers or with groun j 

used). a sm all amount of chemically pure eul- 

For fixation of the water s P red beforehand. Before being 

func acid and chloroform 8houl J^ P g auze or f,lter paper to dry them, 
weighed, the fish should be wrapp *** red beforehand. A measuring 
hence filter paper or gauze * b °£ d ‘ P, P lso bc prepared JJjJ 

as Se water 'temperature are ^°^complet. 

ord» !S& 


— . . ,.. h they are ne»^> Bnd B i 2e is cone oy 

the experimerit^'selectiott of fish with^averag^we^ a y 0 ^ged,^ 

,h 7 ld 6e removed immediate, y " 

Fish excreta should b f tJme will lose co " f{ h and wall then 

creta left in water for • . «J , by the of excreta 

nitrogen. The excreta vnU ^ aqliarlu m. Wgjgj balance, but will give 
be difficult to remove f expe riments on nitr g ". mtr0 gen from pro- 

will not change the ^-utilized nitrogen a^ m.TO.^ 

a distorted each " le =el>«* rf from 

- — 

ment should be recorded. The 
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on a filter paper or wiped off with gauze and then weighed and measured. 

Small fry is weighed with an accuracy to 1 mg, larger fry with an a^rocy 
to 10 mg, and fish weighing 1 kg or more with an accuracy to 10 g. Fitm oi 

similar size may be weighed together. 

From each aquarium 250 to 500 ml of water are withdrawn including the 
control one, and poured into bottles specially prepared for this purpose. 
Ammonia present in the water samples lb bound by adding 0.5 to 1.0 ml of 
chemically pure sulfuric acid. 

If the samples are to be stored for a prolonged time, fungus growth is 
prevented by adding several drops of chloroform. The bottles are then 
tightly stoppered with rubber plugs. 

To obtain data which would represent the average daily nitrogen excretion 
the experiment must be repeated four times at different periods of the day - 
in the mormng, at midday, in the evening, and at night, because the rate of 
excretion of products of protein metabolism varies, depending on the time 
of day. 

If in the course of the experiment some fish seem to suffer discomfort, 
they should be replaced by reserve fish of similar Bize. To prevent oxygen 
starvation, the oxygen content of water should be determined before the ex- 
periment, and the number of fish placed in one aquarium should be correlated 
with their respiration rate. If in the course of the experiment the fish show 
signs of oxygen deficiency, fresh water should be added, if the size of the 
vessel does not permit it, the duration of the experiment should be shortened. 
If any abnormal behavior of the fish studied has not been noticed in time, 
the entire experiment should be discarded. 

If fry in the early stages of development excrete negligible amounts of 
feces, the latter may be left uncollected. In this case, nitrogen in the ex- 
creta Is determined together with nitrogen of the products of protein metab- 
olism. To this end the fish are removed from the aquarium at the end of 
the experiment, and the excreta suspended uniformly in water by shaking and 
pipetization. 

The excreta are collected in special weighing bottles and dried in a ther- 
mostat at 70°C. In this state they are kept until analyzed. For determina- 
tion of the increment in nitrogen in the group studied, the per cent content of 
n trogen in the body of the fish is determined at the beginning of the experi- 
ment and at several intervals. For this purpose, both experimental fish and 
® employed f ° r meas uring may be used. It is important that all fish of 
divldiinwf rOU M 6h0uld be of 81mIlar average size. To avoid possible in- 
sotcimln?” 3 ! nS * 8ample t0 be anal y*« d should consist of several 
eS of c ^ XPenme " t8 , With fry in the earl y Phases of development sev- 

sh^ld not be lesMhan oTtf "LT/ ^ (the t0tal ^ 

fish 4-5 uneeimJ u F ex P er * m «*s with older fry and larger 

fish are 3^“ T Used ,or “eterm.nation Very large 
gen is to be determined Bampl ® 18 ta ^ en from fhe homogenate. If only nltro- 
of other sube^ee^. ; . P ’' el ' lun * 2 " 4 B are duff, dent. If analysis 
shouldbe neJr =°">™plated. samples weighing 10 g and more 

weighing bottles) ^and dried' ^ h °'"dgenates) arc weighed accurately (In glass 
dried samples ma?be Sored for 8 > 10 ' C (air-dr.ed samples). Air- 
genates may be fixed in etrono a- Prolonged period. Fish and fish homo- 

y nxed in strong sulf unc acid in W id e -necked pyknometers with 



wl^ri^h V Shi f M botUe ‘ In * hlch thc material was collected from each ves- 
Z%J? »h<*lr weight, number of beakers with water samples carefully la- 
beled to show from which aquarium they came, the weight of the fish or ho- 
mogenate and the number of the weighing bottle or pyknoraetcr fn which it is 
placed. In addition, the experimental conditions, method of collecting of 
the fish and their general well -being during the experiment should be re- 
corded. 


Cl I' MIC AX ANALYSIS 

The nitrogen content in the digested fish body, water nnd feces is deter- 
mined by thc micro-KJeldahl method The substance is digested by boiling 
with concentrated sulfuric acid in the presence of a catalyst. Protein la de- 
composed and organic nitrogen is converted into ammonium sulfate. After 
addition of excess alkali the NHj liberated is stream -distilled m the micro - 
Kjcldahl apparatus and trapped in an excess of 0.01N solution of sulfuric acid. 
Acid excess is back-titrated with alkali solution. Thus the ammonia (and 
hence nitrogen) content can be determined. The following reagents are 
needed: 

1. Concentrated, chemically pure sulfuric acid (sp. gr. 1.84). 

2. Working solution of 0.01 N sulfuric or hydrochloric acid are prepared 
from stock solutions. A 0.1 N solution of the corresponding acid is first 
prepared by diluting concentrated acids in ammonia -free water in 1000 ml 
volumetric flask; 0 0 ] Iv solutions are prepared from 0.1 N solutions by ten- 
fold dilution. Growth of fungi in these solutions can be prevented by adding 
several drops of chloroform. 

3. Working solution of 0.01 N solution of alkali is prepared by appropriate 
dilution of chemically pure sodium hydroxide in C0 2 -free water. CO 2 is 
removed by boiling; 0.4 g of NaOH is dissolved in 1000ml of distilled water. 
Carbonates are removed by adding several drops of barium chloride (BaC^)* 
which precipitates carbonates m the form of barium carbonate. The addition 
of barium chloride does not interfere with the analysis. 

4. Concentration of 0.01 N solutions of acids and alkali is determined by 
titration with on accurately prepared 0.01 N notation ol borax - NajB. O, • 
10H.O. For this purpose Na 2 B 4 O 7 .I01I z O 1 . recrystallised 

of the salt dissolved In 1000 ml of ammonia-free distilled water, 5 ml of this 
solution (measured with the aid of a volumetric pipetl with 2 drops of Tashiro 
indicator are transferred into a conical flash and titrated with «•««( 
solution of hydrochloric or sulfuric acid. Addition of the indicator tarns the 
borS solution vreen. In the course of litratton the solution becomes color- 
^“nd theTaf"";. a pink color. The end-poin. is indicated by the ap- 
pearance of a stable pink color. 


From the volume of 0 01 N acid solution used up for the titration of borax 
the normality of the former is calculated. Correction is made to the third 
decimal point Multiplying the amount of acid solution used up for the tltra “ 
tion by the correction, the exact normality of the working solution of the acid 
can be calculated 

For determination of the exact normality of 0.01 N alkali solution, 5 ml 


of standard solution of acid is titrated 



FIGURE Micro KJeldaU apparatus lor did! 
titloo ol nitrogen 

1 -distillation flaik 2 condenses, J branching 
of tube 12 of the diniUation flaik 4 Inter 
tnediary receiver of water viper S glut tube 
inserted into U* steam generating veu*l 6- 
c end truer- 7 -steam generating flask, 8 8a- 
funnels 9-Tccelvrr, 10 I! glass tube, 12 
tube of didllatlon flask, 13 glass tube 


with the alkali solution in the presence 
of the same indicator. The endpoint is 
indicated by the appearance of a stable 
green color. The correction for alkali 
solution is calculated from the ratio of 
the amount of acid used for titration of 
the alkali. Since the concentrations of 
alkali and acid solutions change with 
time, their normality should be checked 
periodically 

5. Tashiro indicator is prepared by 

dissolving 0 2 g of methyl red in'! 00 ml 
of 96% alcohol and 0.1 g of methylene 
blue in 100 ml of 96% of alcohol. Both 
solutions are kept separately and mixed 
m small portions (v/v) before used 
The color of the indicator mixture in an 
acid medium is violet and in alkaline 
medium it is green 

6. 33% solution of sodium hydrox- 
ide. For the preparation of the latter 

330 g of NaOH are weighed and dissolved 
in more than 1000 ml of distilled water. 
The solution obtained should be boiled 
until its volume is 1000 ml For the 
preparation of this reagent no great ac- 
curacy is needed. 

7 . Crystalline cupric sulfate 


... , (CUSO4) - catalyst. 

2000 ml« ^ “, llaUO, ' app3ratus Mepicted.nthe Figure) consists of a 

latlL LTl na3 , k 7 ' a " d steam receiver 4. distil- 

m Vi? V Kh Iunnel - condenser 6 and receiver 9. 
hea^ on anri^ v"" ‘ Sb ° ilcd “ lil water vapors are formed (the flask IS 
minute Waterinthe ml°r vater should be converted into vapor in ore 

^rverai drons of oho h ? 5h ° a ' d “acid pH. which is obtained by adding 

Sriat7i^to?^r^ 0 r.? u,foric ““ TheacidpHSsshownbyanappro- 
oneend orwithelasn nin* ° Becured by several capillary tubes sealeda 

dismantle the whole T!* 6 flask be ref iUed without the necessity to 

nected with a rubber tube and water throu ghtube 5. which is con- 

connectswith funnel 3 ^ Water 5 * 8 closed with a clam P at place where it 
and Into the distillation nask 1 111 the fiaBk P asseB through vessel 

a rubber tubing, BO that thl ,ti Bt ubes 11 and 13 should be connected throug 
be 15-20 mm The Incr dllm^" b , et " een ,he two «*«» 

(through this tube the samole h i" ,’" bc 12 ° ! the distillation flask 
tion flask) should be 5 mm ..|T, v ’* na, y le<i is poured into the distilla- 
mm. and its branch 3 through which the sample to be 
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analyzed is poured in should 
The site where tube 3 and 12 


be a capillary with 


an inner diameter of 2 mm 


spoils. 

filiation flask^'rif ‘^ be 12 . Sh ° a!d be fr0m away from ,he bM,om ot ,he dis- 
tillation flask The diameter of the distillation flask should be 55 mm In 

meanTof fTi*' n “ St *“ *‘ gh!Iy com>ec<e >i with a condenser by 

Md the 1 ’ . atra,gh! part of t “ 8 tube sb »“W be 60 cm long. 

?" ? 1 ^ ? the condenser 40 -45 cm The rate of now of water through 

the condenser should be regulated so that the temperature of water during 
condensation will be around 50 -60°C. 6 

Nitrogen content in the body of the fish ts determined in the following way 
The sample is dried in a thermostat at ?0*C to constant weight, and trans- 
ferred into a desiccator The difference between wet and dry weight indicates 
the content of moisture which is expressed in per cent of the wet weight. The 
sample is carefully ground and again dried to constant weight A hundred mg 
samples in duplicate are placed in 50 - IQQ ml Kjeldahl flasks The weight of 
the sample is determined in this way the weighing bottle with the sample is 
weighed on an analytical balance, a portion of the sample is placed in the 
Kjeldahl flask and the weighing bottle is reweighed The difference in weight 
between the first and second weighing shows the weight ot the sample to be 
analyzed. The sample is placed in a Kjeldahl flask by means of a spatula 
The sample should not adhere to the flask walls. Five ml of concentrated 
sulfuric acid and several granules of selenium or CuS0 4 { catalysts ) are then 
added to each Kjeldahl flask. The flasks are closed with glass bulbs (cold 
fingers) and placed on a gas burner or electric oven. The sample is digested 
in a hood, since after water is boiled off SOg fumes appear. From time to 
time the Kjeldahl flask should be removed from the burner and carefully 
shaken to remove undigested particles which may adhere to the flask wall 
As digestion proceeds, charring occurs and then the solution clears and be- 
comes colorless. The sample is considered digested when after cooling it 
is completely transparent or slightly bluish due to the pressure of C11SO4. 

Even a Slight yellowish tinge indicates that the digestion is not complete. A 
control flask with 5 ml of sulfuric acid and several crystals of CuS0 4 is also 
subjected to digestion (control for the determination of N content in H2SO4). 

The digested samples are poured into 200 - 250 ml volumetric flasks 
The Kjeldahl flask is rinsed with several portions of ammonia-free distilled 
water, and all washings are combined in the volumetric flask. The volume 
is made up with ammonia-free distilled water. Ammonia-free water is pre- 
pared from distilled water by evaporating tbe latter to 1/3 of Its initial vol- 
ume. The content of the volumetric flask is mixed, and 2 - 3 ml aliquots are 
withdrawn (by means of a volumetric pipet) and transferred Into the micro- 
Kjeldahl distillation apparatua. Here ammonia is released by addin* slronr 
alkali and then trapped fa the receiver fa a 0.01 JV solution cf sulfuric or by 
drochloric acid. Five to ten ml of the above acid and several drops 
Tash.™ todfaator are placed in the receiver. Distillation of the control flask 
is considered complete when the volume of the distillate is equal to the ■ vo - 
uL of the sample and thereagentsadded Completfonofammo nUdf sUlI.tl.n 
is tested by means of litmus paper, Congo ° r „ h ,hr " m „le re- 
action. Yellow color Indicate, the asSton the 


mains colorless, 


distillation is complete. If in the course o 



violet color of the sample turns colorless or green, this indicates that the 
amount of acid in the receiver was not sufficient to bind the entire amoun 
of ammonia distilled. In this case the entire procedure should be repeated, 
and the amount of acid in the receiver should be correspondingly increase . 

The distillate is titrated with exactly 0.01 N alkali solution. The viole 
color disappears, and the sample becomes colorless and then green. The 
endpoint is reached when the sample assumes a stable green color. The 
0 01 N solution of acid in the receiver and the 0 01 N solution of alkali for 
titration are measured exactly by means of a microburette with an accuracy 


to 0 01 ml. 

Each sample is distilled in duplicates. If the results differ by more than 
0.05 ml, distillation should be repeated 

The difference between the amount of standard solution of the acid in the 
receiver and the amount of standard solution of alkali used for titration is 
equal to the amount of acid bound by the distilled ammonia. Since 1 ml of a 
standard 0.01 N solution of sulfuric acid binds 0.14 mg of nitrogen, the nitro- 
gen content in the distillate and in the entire sample can be calculated. The 
nitrogen content of the sample should be corrected for the amount of nitrogen 
present in sulfuric acid, as shown by the control sample which was subjected 
to the same procedure as the sample. Nitrogen content is usually expressed 
m per cent of the weight of the sample (weight per cent). For this purpose 
the value obtained is divided by the weight of the sample and multiplied by 
100. More accurate results are obtained when an average content of two 
samples is taken. If the nitrogen content of two samples differs by more 
than 0.2 7o a third sample should be analyzed 

To ascertain the mtrogen content per wet weight of the sample the moisture 
cortent of the sample must be known. 

Determination of nitrogen in wet tissues fixed in sulfuric acid. The con- 


tent of the pyknomcter with the sample is carefully poured into a Kjeldahl 
flask. The pyknometer is rinsed with several small portions of ammonia- 
free water with 1-2 drops of indicator. All washings are combined and 
poured into the Kjeldahl flask Rinsing is continued until the washings are 
not violet. The total volume of washings should not exceed 10 ml. The con- 
tent of the Kjeldahl flask is mixed and the flask placed on a burner. If the 
acid is not well mixed with the sample, the sample may explode during heat- 
ing and the sample may be lost by splashing. Further procedure is exactly 
the same as in the case of dry samples 

Wet samples fixed in sulturle acid have a certain advantage over dry 
XTSE a ar S ely ‘ hat thcy can be analyzed without preliminary drying On 
as to me w ' iEht 1 ” r dry samples is not restricted (there is no limit 

for moisture v, e sample). This is or importance in cases when analyses 
for moisture, ash. fat etc. must also be carried out. 

pen content e * CreU ' iB determined in the same way as the nitre 

anal^ed m Snou J ! b °S' Thc excri!,a dried to constant weight and 
oi excreta in anv cas* in ^ W . elgbl of the samples depends on the avatlabllit: 

amount'of "excreta ts smatte^' ST ^ ^ ^ ' 20 “«■ “ tb<! ’ 0ti “ 

For the digestion of such samples 3 mlT dlspense wUh duplicates, 
enough. Since excreta rnnt,i 3 of conc entrated sulfuric acid are 
in n 25 — 50 ml volumetric flask ! h ' di6ested sample is diluted 

taken, depending on the theoretleaf nitron dlstll!i “ Ion 5 - 10 ml aliquots are 
reiical nitrogen content. At first the percentage 


100 


Se'SM: Ut ,h V otel « «* 

ob,ai ""> i« <HvIdrtl by the total weight of aUfis‘h“tud.ed '.“If 1^' Ml ” = 

is obtafn rd r t ° n "™ fie " eJter ation during variou. parts of the day 

cMrtS?; ° ' ,euri,s " >c ,0,al aatount of nitrogen «- 

S ,1 y WC!6 f day ° r P" “ sh W la/ is calculated, 
b. ‘j ' *??”“ ,s ,h “ 1“ tog the digested sample should 

distilled without dilution. For this purpose the content of the Kjcldahl 
ftast is quantitatively transferred into the distillation flask. The Kjeldahl 
flask ts rinsed with several portions ot ammonia-tree water which is also 
transferred into the distillation flask. 

The nitrogen content in water samples withdrawn from each aquarium is 
also determined in duplicates Digestion may be carried out in 250 or 100 ml 
Kjcldahl flasks. In the former case the flask Is filled with 100 ml of water to 
which 2 ml of concentrated sulfuric acid and several crystals of CuSOj are 
added. The content of the flask must be mixed carefully before boiling. After 
the water is boiled off, charring occurs. The flask is stoppered to prevent 
evaporation of sulfuric acid and splashing. Otherwise the entire sulfuric acid 
may evaporate and the sample Is lost. 

When digestion is carried out in 100 ml Kjcldahl flasks, 100 ml of water 
and 1 ml of sulfuric acid are used. Water is added in two portions. At first 
50 ml of water are added, and when the water is boiled off another 50 ml 
portion is added. It is undesirable to add 100 ml of water at once, since it 
may splaBh during boiling. Water must be measured with 50 ml pipets. The 
sample’Js considered digested when on cooling it remains colorless, trans- 
parent or weakly green (due to the presence of C11SO4). The digested sample 
Is quantitatively transferred Into the mlcro-Kjeldahl apparatus. The Kjeldahl 
flask is rinsed with several portions of ammonia -free distilled water with 
several drops of indicator. All washings are combined and poured into the 
micro-Kjeldahl apparatus. The flask should be rinsed until the water ceases 
to be violet colored. In all cases rinsing should be done with a similar 
amount of water. 

To ascertain the amount of 33% solution of NaOH which should be taken, a 
specially designed experiment should be carried out. To a 100 ml conical 
flask containing sulfunc acid in amounts required for digestion of the sample, 
and Bm-ra’t drops s>5 the indicator. 33% solution of alkali is added in small 
portions. During the addition of alkali the content of the flask must be mixed 
The end-point is indicated by the appearance of a stable green color. Having 
determined in this way the amount of NaOH needed for (he neutralization of 
the sulfuric acid used for the digestion of the sample, one should use * 
excess or alkali in the experiment proper. 

Five ml of 0.01 N sulfuric acid are usually sufficient to trap 
amount ot ammonia distilled oft. The condenser tip. espec tally « the d>egin 
ntng ot distillation, should be completely immersed in the su tunc arid in >he 
receiver, otherwise part of the ammonia cun remain unbound and be lost. 

if the results of titration of tivo parallel samples differ by jnore than 
0,05ml, further samples should be digested and steam distilled rms 
should be repeated until the results obtained will concur by less than 
0.05mi. The amount of nitrogen excreted by fish is calculated from 



the difference in nitrogen content of water from the aquarium containing fish 
and those without fish. Once the amount of nitrogen excreted by fish in 
the sample analyzed is known, the total amount or nitrogen excreted by the 
fish can be calculated by multiplying the value obtained per total volume 
of water in the aquarium. If the total amount or nitrogen excreted by fish 
and the weight of all experimental fish are known it is easy to calculate 
the amount of nitrogen excreted per 1 g of body weight of the fish. The 
average value obtained from two parallel experiments carried out simul- 
taneously shows the rate of nitrogen excretion during the given time of day. 
Similar data from other experiments carried out during the same day will 
show the daily rhythm of nitrogen excretion by fish. On the bapis of these 
data it is easy to calculate the average amount of nitrogen excreted daily per 
fish of average weight (or per weight unit of fish) per day. 


CALCULATION CF MTROGEM BALASCI AND FOOD RATIO* <5 


If the average weight of fish and their percent content of nitrogen at the 
beginning and at end of the experiment are known, increase In nitrogen con- 
tent in the fish body during this time can be calculated. The difference be- 
tween the nitrogen content at the beginning and end of the experiment shows 
the increase in nitrogen in the course of the experiment This value divided 
by the number of days elapsed from the beginning to the end of the experi- 
ment gives the average increment of nitrogen in the fish body per day. Such 
a calculation is possible in experiments of short duration and carried out un- 
der constant environmental conditions. Nitrogen products of protein metab- 
olism la expressed as an average value of daily nitrogen excretion per fish 
at the beginning and end of the experiment. In the aame way the amount of 
nitrogen excreted with fecea (non-utilized nitrogen) is determined. 

Hence the three values (amount of nitrogen deposited in the fish body, 
amount of nitrogen eliminated with the products of protein metabolism and 
excreted in the feces)compriae the nitrogen balance sheet. We speak of a 
positive nitrogen balance when the amount of nitrogen deposited in the fish 
body exceeds the amount excreted, t e. protein synthesis exceeds its de- 
composition Such a state is characteristic for fish in the stage of growth. 
Here the balance index reflects the magnitude of nitrogen taken in with food. 

al8 ° be ne E ati ve. When the nitrogen expenditure exceeds 
the latter\ in This indicates nitrogen starvation, and if 
nceauve „ ML h“, ng ' me “ reBult >" **‘h of ^ organism. A 

to take foLd blnCe observed In fish in the winter, when they cease 


of tody t ^tro a ->en 0r Tar P r arIS ° n ratroEe ' 1 consumption is expressed in percent 
of their development *f Ur ? f e ® ches ma ximum values in fish at early stages 
in size of the fish ’ ** dlminlsheB ’* ith 'be age of the fish and the increase 


f the fish 

growth, the amou^^f^itrcL^^H g6n taV * en * n Wlth the food ie used up for 
cent of nitrogen taken in with the'fort 1 *™!! “j* fl6h body ie ex P reB8ed in pcr 
protein effect it shows thf» vt TWs figure is called the productive 

shows the extent to which the organism's retirement for 


protein nitrogen is satisfied. Nitrogen in the excreta is expressed in per- 
cent of the nitrogen ration, and characterizes the unutilized part of food 


nitrogen. . ... 

In order to be able to proceed from nitrogen consumption to the weight of 
food eaten, the percent content of nitrogen in the given food must be known. 
If the experimental fish is kept on a uniform diet this calculation is a rela- 
tively simple one and can be made according to the following formula: 


A X 100 

X 

B 


where X - dally food ration in mg. 

A - dally amount of nitrogen consumption, in mg* 

B - nitrogen content in food. p " t W J 5 assurae that a fish fed 

W. shall Illustrate •“« “ wel weight has consumed 

: n 5 Tor n ^r P eTdr~-“ 

pressed in percent of the average the calculation Is some- 

n mixed diet (as Is the case undet ' “ amount of food (In wet weight) and its 

what complicated. In thiscose mtesttnal contents of 10-2 

nitrogen content must he f , v w '.„ a '«ed St the beginning and end of 
fish (depending on the food Average number of organisms 

the experiment. The average food Nation of the experiment 
eaten) and its nitrogen content during th necessary to analyze 

are calculated. When large fish are 1( ,, ; ma y be analyzed - 

the enUre content of fl.h Z of £ ZZ me or a. 

these may be taken from dirt ' p '"' P , ‘ r take the content of the anterior 

the total intestinal content. “ ‘% he is still undigested. _„ d lhe , r 

° e8 \v'hmi Mie* averagVnumber tola^w^wei^t^a^nd 

content of various organism “ B utilized from tM> 1 carrjcd out 

nnd e for^ealcuUtio t n of the * d ^ h a ^ v c^ C wUh > the “'^^^fof'mtrogen^eonsumed 


according to >"■= - , ls , u bstltuied by the calculated in this way 

( dally nitrogen consumptio 1 T|]| . sum of b 11 *»>“'* fculatlon ot the 

with each of the dif [ er a n ‘ , To ble I an example nitrogen 

indicates the dally •.« 6 

food ration for sazan fry on b i 0 odworm lar- 

daily Is presented. „ nts showed that sazan the intestines 

Analysis of intestinal Mrt ^ ^ rec0I ,,t r ucted »' 1E “ ks on , h . average. 

worm contain 6.20 mg nitrogen. 
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Bloodworm comprise 69.8%. and mollusks 30.2% of the total nitrogen con- 
tent of fish intestines. On the basis of these figures, wc calculate that from 
the total nitrogen ration equal to 17.9 mg. bloodworm larvae provide 12.49 mg, 
and mollusks 5.41 mg. Since bloodworm larvae contain 1.55% of nitrogen, 
the 12.49 mg of nitrogen indicated correspond to 806 mg of wet weight, and 
5.41 mg of mollusks containing 0.67% of nitrogen correspond to 807 mg of 
wet weight. Hence the total food ration comprises 1613 mg, or 26.9% of body 
weight. 


TABLE l 


Calculation of food ration) fcr turn fry 


Index 

Food 


mollusks 

total 

V> eight of intestinal content, In rr.g 

K9I 

400 

800 

Nitrogen content, percent of wet weight . . . . | 


047 

- 

Food nitrogen content, in mg 


248 

8.88 

Percent nitrogen content in the various foods . 

: Bv 


100 JO 

Daily consumption of nitrogen, in mg 



1740 

Consumed pet day per wet weight, in mg ... 



1613 


TABLE 2 

The content of moisture and nitrogen in the food item* of fish 


Organisms 


Lower algae 
Higher plant) 

Eryctoan (moss animalcule) 

Rcxlfet* (wheel animalcule)) 

Copt pods 

Cladocerani (water flea) 

Aphipoda (land hoppen) 

Phyllnpoda (fairy shrimp) 
iiopoda (Kwbug) 

Sewage wonti) 

Ollgochaetcux worm) (tubificld wcrms) 
Polychartcus worm) (landwomu, tub* wcrms) 
MolloiLs 

B'oodworm (larvae) 

Dragonfly larvae 
Caddis fly larvae 
Ephemeridae larvae 
Slone fly larvae 
Beetle larvae 

Bop 

Frog tad pc' n 


84.80 

BSX5 

8730 
89X0 
8049 
89 tO 
7844 
83 ,7S 
82X17 
7247 
70.86 
83 72 
£0X18 
79 AS 
SOA6 
83 A4 
82.80 
7840 
92X0 


Nitrogen content, M 


048 
0 67 

1.13 

039 

147 
0.72 
2X7 
146 
1.70 
2.62 
0 67 
145 
2.19 
1.81 
1.82 
1.97 

148 
2.07 
0.67 


4.68 
2.46 
446 
8.75 
9 12 
948 
739 
630 

1147 

849 

941 

944 

247 

9XS 

nxn 

8.80 

9.32 

1141 
9.18 
9.6S 
8 84 
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From this example the nutritional value of various foods is dearly seen 
On the same weight basis butterfly larvae have a 2\ times as high nitrogen 
content 

To determine the nverage wet weights or food components (organisms eaten 
by the f:sh) they arc w etched after being blotted on a (titer paper In addf 
tlon the data on wet weights of aquatic animals which serve as food for the 
fish are given in numerous hvdrobiologlcal works 

The nitrogen content of various foods vary depending on the age locality 
and season For accurate calculations the nitrogen content of various food 
objects from Ibe reservoir from which the fish are studied should be deter 
mined Determination of nitrogen content of all food objects is unnecessary 
3-4 determinations on each representative of the order or class of food ob 
Jccts are sufficient An overage of the data which characterize nitrogen con 
tent of various organisms may then be made 

Data from literature and our own research on nitrogen content in some 
main freshwater organisms are given in Table II 



METHODS FOR AMMONIA DETERMINATION USED IN 
STUDIES ON FISH METABOLISM 


N.S. Stroganov 

(MotCOw Slate Unlvenily lm> M. V. UiBionoiov) 


Ammonia, urea, uric acid and other substances constitute the final 
products of protein metabolism in fish. The bulk is comprised of ammonia 
and urea. Nitrogen excreted in the form of ammonia amounts to 85% of all 
nitrogenous substances excreted- Hence, in order to be able to assess the 
rate of protein metabolism, the amount of ammonia excreted must be known. 
The most reliable and accurate method for ammonia determination is the 
colorimetric method of Nessler. Neasler reagent consists of a colorless 
alkali solution of the complex salt of K 2 Hgl 4 which reacts with ammonia 
and ammonium ions, with the formation of yellow mercurammonium. The 
intensity of the color produced is proportional to the ammonia concentra- 
tion. The reaction proceeds according to the following formula: 


2K 2 lHg I 4 1 + NH 3 + NaOH = NH 2 Hg 2 I 3 + 4KI + Nal + H 2 0 . 

Other Balts such as CaC0 3 , M g C0 3 , Mg(HCl 3 ) 2 , (HC0 3 ) Z , Ca(HC0 3 >2 may 
interfere with the reaction. Toavoid interference from the above salts, ammonia 
should be distilled prior to nesslerization. 

Distillation of ammonia from the sample. The distillation 
apparatus is depicted in the Figure. 

At ‘, he a PP aralua 1* Treed °I CO,. For this purpose the 300- 
350 ml distillation tlask Is tilled with 150-175 ml of water. Tap water is 
preferred, because the ammonia content of the ordinary distilled water may 
of kninf „ h 6 . h , T ,° * he ‘ a P wat ' r a sma >> amount of MgO is added on the end 
nta^ed , i 1 f' I '" hlCh renders wa <er slightly alkaline. The flask is 

water ircimut!md m P n 0 .l alC0h0 ’ lara P and teBted - At ‘ ha timc 

placed underneath rn° U f h conde nser and a pyknometer-receiver is 
the pH or the water at th ° ^ alkalJne P H ° r water (in the presence of MgO 

denser and are coUected in “he received? " VaP ° r - COnden8e In ,he C ° n ' 

and the amount'of 0 rmmo t n h tt In'the d'b 1 ‘j?. n,aln lar 8 e amounts of ammonia, 
total ammonia content of the fla^kSm rapidl T' da =reases, so that the 
follow the change. In miri l. rapidly. 11 ls ad risable to 

s n ammonia concentration in the distillate in the first 



«» «*«*■— - d ='"“'" e h r„ 

to our observations, ammonia can be t water At the end of 

elver by dlstllllns oil 2/3 ot the initial To ml. with un- 

distillation a certain amount of water, PP k This wa t e r does not 

d, .solved MgO .hould remain ^ „ d , he ap „ r a,„. 

m. V ; ‘^beT/ed «hL ^.irmlnallon el — « *» <- ■*“>“ SamP ' e ' 



daoum-"" 
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neck ot the flask, and the left hand holds the bnlb of the plpet. From 
the warmth of the hand holding the distended part of the plpet. the air In it 
expands and displaces the last water drops from the pipet. No MgO noe “ 
be added The flask is placed on the etectric heater and the trap connecting 
the distillation flask with the condenser is put in place The trap is joined 
to the distillation flask and the condenser by means of ground glass joints 
Simultaneously, the receiver which is rinsed with ammonia free water is 
placed under the condenser The pyknometer is placed in such a manner 
that the condenser tip almost touches the bottom The pyknometer should 
have a mark (inked or pencilled in) corresponding to 100 ml volume When 
everything is ready, the electric heater is switched on, water is allowed 
to circulate through the condenser, and the sample is distilled 

With the accumulation of distillate in the receiver the latter is lowered 
so that the tip of the condenser barely touches the distillate When the 
amount of the distillate in the receiver reaches the 100 ml mark, the re- 
ceiver is removed and stoppered The heater is switched off The distillate 
contains ammonia dissolved in water which has distilled over The concen- 
tration of ammonia in the distillate (in 100 ml of the distillate) is the same 
as it was in the sample (m 100 ml of the sample) 

Ammonia distillation in such an apparatus meets with no difficulties and 
yields good results, provided one adheres to the instructions given above 
It must be remembered that the air of the laboratory should be free of am- 
monia, smoke and other contaminants Pure air of the room, under other- 
wise similar conditions, ensures the reliability of the results obtained 
Tobacco smoke, for example, m conjunction with Nessler’s reagent, ren- 
ders distilled water greenish, which may interfere with the colorimetric 
method of ammonia determination 

Colorimetry The distillate (weak ammonia solution) may be stored 
in the pyknometer for 1-5 days Storage for 1-5 days does not lead to any 
changes in ammonia concentrations Since the air in the laboratory often 
contains ammonia, care must be taken that the latter should not find its way 
to the pyknometer with the distillate during the colorimetric determination 
Tobacco smoke should be avoided in particular. 

For serial routine colorimetric ammonia determinations it is better not 
to UBe standard solutions of ammonium chloride, but an inorganic artificial 

o„ a ^ ar , C °" S 0t ? c ° m P° 8iti °" ° f K.PICIg and CoCl, solutions ac- 
oordlng to a certain color range For thfi purpose the following solutions 

water l P oo ePa , re ? C ° Cl 2 12 6 °' the saIt is dl «°lved in a small amount of 

To 1 000 mtrV 5 mrl 0 HC1 are then added a " d th " volume “P 

°. 1,000 ml) K 2 PtCl 6 (12 g of this salt . 100 ml Of concentre, Htll dl- 


luted to 1,000 ml) Ml, Cl 


agent Th P 4 , f° nt * xnin 2 0 25 g N/ 1.000 ml and Nessler re- 

may be usTd TTT ' '° n ‘ h ,? Nc,!sIer reagent may differ Any reagent 

Several exameles otT ch °? sl! the ° ne available for this determination 
cats'^e s ^,:d°L a S?r UOn 01 NeB8ler ' S "■«“ *om different chemi* 

ferent ratlos^t'thesTTubstances^TTT 1 ^ 0 , 13 , taveBU S ator s took not only dif- 
cals Although an alkaline ♦» ut ^actually used different initial chemi- 
preparation is not without effem on ' S ° b,atoed - the mclh ° d o! 

The following method may bl ^ r «gent 

agent For the dissolving ol thT . J, V L‘ he Preparation or Nessler re- 
,0 * ° ! *<e>2 ”0 carefully ground in a *°° f ° ! wat " prepared Then 
a porcelain mortar with a small amount 



of water. This slurry Is rinsed with »a ^ ^ are ad ded. 20gof 

which 5 g of KI dissolved in a the solution has cooled 

NaOH are dissolved in 50-60 ml o ' alm „g amount of water is added 

down it is poured into the beak c r - solution becomes transparent 

into the same beaker, 10 -15 “"germinations The re.gen 
and colorless, and ‘= su, ^' a ” dark place (ground stoppers are 
should be stored in a dark bottle in a da 
advisable). 



rate d I 


i nmcters (beakers) from 
, 26 60mi pyknomcte pyknometers 

For oolorimetrlc deterrnlnalJO m r Enould^be ‘ {pied 

Is no sirmonla with 


„ ratios gi vcn 1 ‘ rk ) With disi»‘j (contain* • pyicnoireter 

fsssff ^ ^ssJij-Si or ^tse&ksSs , 

dr " “ 10 

epared. Amrtl 
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of this salt are dissolved in 1,000 ml of ammonia-free distilled water. 

1 ml of such a solution contains 0,01 mg N, 1 ml of this solution is added 
to a 100 ml volumetric flask, and the volume is made up with ammonia- 
free distilled water. 50 ml of aliquot are poured into pyknometer No. 1 of 
the second row, 1 ml of Nessler reagent is added, the pyknometer stop- 
pered, and the contents are mixed. 


TABLE 2 


Solution* for pr«p»ratloa of Staler mgtot 


| Solution, ml j 

CoCl 2 

K 2 PtCl 6 

0 

0 

0 11 

4.76 

0.50 

7.70 

1.12 

10 00 

2 20 

12.70 

3.30 

15.00 

4 SO 

17.30 

5.70 

19.00 

7,10 

12.70 

8.70 

19.90 

10 40 

20 00 

12.50 

20.00 

IS 00 

20.00 


Concentration 


0 
0.1 
02 
0.3 
0.4 
O.S 
06 
07 
0.8 
0.9 
1 0 
1 1 
1.2 


In this way NH 4 C1 solutions for pyknometers 2. . . 1 2 of the second 

v o lumet He 'n a s k s' a nd" t h °' ' h ° imlb ‘' NH i CI ^ion adSod to !00 ml 
wa\r 50 ml aHouo,. , m lume *' mada ”P » 1 "' ammonia-free d, stilled 
^ponding pyknometers '!*** ara »° a «‘ 1 the corre- 

0.1, 0.2, 0.3, 1 2 mg N/^O^ok” 0 !" 161678 °* lhe Becond row contain 

the pykSmTterl°ot the second row'* 1 " 1 5 ’ 10 minules - After ,h)s time 

of the first row (t.e., inorganic scale)' 'StIm™ 1 W “ h analo 8° UB PyI<n° meterB 
color from that ot pyknometers ot the'’ ” * B,:ala d ‘ r,ers somewhat in 
to the same color intensity by adding cScPt"? mm Ia “ er Can be brot,ght 
way each pyknometer or the (mineral! t^’ 2 , K2PtClg solutions. In this 
matched with the color of the nyknom.! e f " ic acale is treated (always 
tlon ot NH 4 Cl). Having verified the In' Wlth tbe corr osponding concentra- 
be stoppered and sealed (bv men no orfianic scale, the pyknometers should 

The scale prepared in thm wav ® paraffin ' P u «y. asphalt, etc.). 

verification the solutions from tho 6 UBed ^° r several years. After 
carded. Two pyknometers are markon' ? meter ® of the second row are dis- 
sample. The remaining pyknomet»»na y X 1 first sample, and x 2 — second 
Ammonia in the distillate is ° remain in reserve, 
meter x t is rinsed with a small the f° llow ing manner. Pykno- 

ls fluad »«“■ «• disuilate m th ™aT(s1 £?,**»"•. The pyknonjer 
mark 150 ml) and 1 ml of Kessler reagent 
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Is added. The pyknometor is stoppered pyknometers 

or standing, the sample X, is matched | „ h one and 

Ammonia concentration in sample l Smce our ey e can better discern 
interpolating with the Inorganic sea • (he saIn p le should be placed 

the difference in color intensity by ' t ration higher and lower than 

between two pyknome,ers w~ n» „„en.ra,io^ ^ rf 

that of the sample By interpolation !nvo i ve s division by two or three 
can be determined. The interpo smaller divisions (interval of 

The Inorganic scale may be calibrate deter mInation is easier and the color 
0.05 mg N/ 1 ,000 ml). In this case th wUh {hat of the scale. 

of the sample x, can be malche h facing white filter paper ^ de [ n °' 

Comparison Is made easier or beam of light wUl fall on 

meters. Care should be taken that n h accura{e determIn ation) 
the pyknometers (this may in ter fe« h determine ammonia with an 

T he ‘ n W ° 8i " P 

accuracy of 0.01 mg N/ . Nessler reagent 

** clrtctric deiern— £ 

results than the metho rea ction not only wit tron - color with am- 

Nessler reagent gives mercuric iodide gives ® an d poorly 

with amines. Only f *P Ie * Na2 HgCl 4 , are £ oiher 

monia. Other coropieM* chemIsta bltleve **' .“^citons which come io 
soluble compounds. undergo ettb*** d su Uates. 

salts the iodide compl«»» ® ' OItip iexes 88 cb *S2ta time, which depends 
equilibria with such color _ eaC bed after a cert cd> and the 

Maximum color int® n ® * ler reage nt ha be® P g Bani pie and that of 
on the method by which AheJ the volume th# m0re reagent 

amount of alkali and the « .ik.il io <»' maximal devrlopmeo* 

the Nessler reagent. Toe (I|M |, needed I reagent, however. 

«■ added to the sarnie. ^„, rati of aik^jnJh hB o( a ,kaii earth 

tillation the nitrogen eacr 

The amount of .. . r one hour, 

the following for “' ,1 . v r 1 g body weight pe 

f m. -mo>X . B JC, mg P er 

* .ration before and alter .be eaperunent. 



DETERMINATION OF FAT IN THE FISH BODY 
M.N. Krivobok and O.I. Tarkovskaya 

(All-Union Scientific loninae cf Marine Fldiery a ad Oceanography) 


COLLECTION OF DATA 


The fat content in fish varies, depending on numerous factors — life con- 
ditions, season of the year, nature and intensity of nutrition, age, sex, 
the stage of ripeness of 6exual products, the number of developing eggs, 
etc. Hence, the object of study of the fat content in fish should be collected 
according to the aim of the investigations. In all cases, the fish should 
be differentiated according to their age and size, their sex and maturity 
or their sexual products. It is not enough to take the results of analysis 
from fish of different size and stage of maturity in order that the col- 
locted material reflect the true changes occurring In the fish organism. 
One must consider the following factors: 1) the place from where the sample 
V ui me l C . a l 0n ' 31 lhe depth and temperature of the water; 4) the 
state of nutrition. 5) the length of the fish and, if possible, its age; 6) sex. 
Dthe etage of ripeness of the sexual products. 

accurate dat^' c0 " ten ‘ ln fi8h 18 ““bJect to wide Individual variations, more 
eame sire are bC ° bl . a ‘ ne ‘ 1 wflen P°°lcd samples of several fish of the 
rated The ui if 6 **.. 0 ri ’^ _ sexual products are invo.'-ti' 

te lte ol fi.h ^ t be ,aken f ° r -nvestiga.ion depends on 
ringTenrats oTLrt b ? r8!lv f! labl8 - An average sampleof small fish (her- 

n'sh of ann^xta ^ C ° nU1 " not rewer 10-20 specimena. 

If the sample 0 ^^, ? ^ sh ° uld be chosen «” ‘he experiments. 

In lenT sman and tar TiT" * h!ch d “ ; " markedly from each other 
results obtained will nofbe 6 B OUld be anal 3 ,zed separately, otherwise the 
fish ot duferem «x and w»h ^ eprcs '" tatlve - » 1* Ms° inadvisable to mix 
It the studies are .toed », “h? 31 P , r ° ducts !n varlo “ s stages °f maturity, 
fish, and when the a-. * c » ,y.„ 8 er mlnatIons of the effect of fat content in 

mens should be taken which in si " questIon cannot he determined, specl- 
r.ot be mixed. snd\he .tire at ia a , Ppr ° lch each a ge group. Sexes should 
In order to lnvestli^.he eha T a,brl, >' m “« be considered, 
maturity. !i,h o! similar ilxe iT^h" <a ‘ content oI «»•> during sexual 
to their sex and stages of maturity* 1 ° ECn divided into groups according 

som. body parts are'aSily'x'ed' "smluw? L* 1 ' ,i8h “‘“'“'d. whole fish or 
large fish separate organi ma'v usuaI1 3' *aken In toto. From 

s to b* analysed, muscles from one a/d7h ’ 1 tbe fat conl ent of muscles 

°"' and ,h = ™« tody part must be taken. 


Fat distribution according to body P ”‘ S ^bulk of fat is concen- 

species. For example, in herrings an t d , n t h e liver, while in 

mated in the muscles, in '°” Eld T d 

perches fat is concentrated in th y made If one cannot analyze 
when analysis of various parts of the fish ntent in the fish in ques- 

nil organs, the characteristic f of organs in .hich th« 

tion may be ascertained by analyamg data 0 „ the fat content of 

bulk of fat is eoncentrated. Thus ' be representative of .he con- 
lean body parts, a. in cod muscles » >» b f tlsh changes depending 
tents in the fish The fat content “ 1 * “ ,J X taking place in the fiah orgm 
on environmental conditions, or f on ) an d on the state of n * 

ism (for example, during aaaual maturat.onl, ^ For studies 

etc. In summer, these matermTshould be collecter I in ,„ e 

on seasonal fat contents, the mat when marked chang _ 

every fortnight, and in vin.e r e y spawning, are no • ( of 

physiological state of the >“£. , ^ ihm state .. detected, irrespec 

ole should be taken immediately a„„ n .emaed 


physiological state of the ila . thl , state 

pie should be taken immediately homogemaed 

the date of the preceding s P - body are mince d d The 

Samples of fish or parts of the ( , he sample ^ ^ ^ 

The homogenate is weighed a ^ wei6hi „ f bo«I « t The aa, 


The homogenate is rZ -~ 

sample may be stored in gins' « f ,„d stored in a corf P» and 
dry state in a thermosta w hlch should be sea ^ They may also 

« _ _ i , — Ko otnreu in 


dry state in a thermostat at which should be «*le They may also 

pies can also be *ored «n tta gtored j* sealed estjub ^ ^ tubes are 
claved. Samples may . and tied with a ed in a cool place, 

be closed wdh a baby's soother an ^ hours and stored 
then sterilized in boiling 
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, „r rat determination .™ hkovt ]tll's method). 

There are numerous 

[traction. analyzed is P . weight ^ oomDle, and is cx 

The sampla “ “., 0 . c to eonst» rf ^ wel „d ground m 

a thermostat »> ® cc In dry ««' ' , he sample takes : up 

ined from the OB we , we.gM- sc of grinding ^ therm ostst at 60 
•cssed in perce since m <" 1 ‘ cc nslsnl well ■ ‘ 0 r,c envelope Is 

porcelain miw*. ■ be dried 3 de from >■[•' P !^ r ed from a 6X7 cm 
oisture. it mu - l0 pcs sre envelope is p ^ ltc r paper. 

). c Then two '"ve The inns' a 7X8 cm ■ sheet |, 

.sorted into the pouter '"^following "f riming . margin S-5 - 
Iter paper. »»<**" made «" “"I'lltd of the envelope 

The envelopes protend I One , be other en 

tided so that one , 
ids, Thlam»'^ nd , 

•ec (through tm» 



sealed (to prevent the sample from spilling out) For this purpose the end 
of the envelope is folded together with th*» margin along the entire length of 
the packet at an angle of 90° , and the triangle formed is folded in two by 
planing its tip under the margin. In the same way the second end of the en- 
velope is closed after placing the sample in it. 

The packets, closed from one end and numbered (the numbers are pen- 
cilled in) are defatted with ether in the soxhlet apparatus for 4 - 5 hours. 
After the extraction, the small and large envelopes are placed in one weigh- 
ing bottle and dried to constant weight in a thermostat. Samples weighing 
100-500 mg are then placed in the inner envelope, and the envelope is closed 
and inserted into the outer one which is also closed The outer envelope 
serves for preventing any losses of the sample during extraction in the 
soxhlet apparatus 


The weighed portion is determined by weight difference. First, the 
weighing bottle with the sample is weighed on an analytical balance and the 
desired amount of the sample is then transferred by means of scalpel or 
fine spatula into the envelope The weighing bottle is then reweighed. The 
difference between the initial weight and that after the sample withdrawal 
represents the weight of the sample. 


A series of envelopes with samples are placed in a soxhlet apparatus and 
the samples are extracted with petroleum ether or sulfate ether for 10-15 
hours. The duration of extraction depends on the number of samples and 
their fat content. After extraction, the envelopes were reopened, placed 
in the corresponding weighing bottles, and dried to constant weight in a 
thermostat. The difference between the weight of the sample before and 
after extraction (defatted residue) represents the weight of fat in the sample. 
The weight of fat is expressed in percent of dry weight. If the moisture 
content (percentage) of the sample is known, the fat content may be expressed 
in percent of wet weight. 

.. °, bt ?‘ n ? , gr f ''f 3ccurac y and *o prevent possible errors the analysis 

ure l7con^rt. In r dl ' PU< ^" S ' The 60xhlet apparatus for fat extraction (Fig- 
of cround pI-ihh^ i *♦ cxtra ^ tor which is connected from below, by means 
(throueh which t ° ” ^ W th flas ^ 2 and trom above with a reflux condenser 
circulates). The flash is filled to 3/4 of its capa- 

heater (sanlhaih V ethcr - and heated »n an electric 

boll during heatinr ipth#» Cl K«n m ^p r also be U8ed )* The ether should not 
since the ether ^ Bh ° U,d bC hea ‘ ed gently 
along the side tuhi* nin mab . le Durin g heating ether vapors rise 

cumulates in the extractor and du V* 10 c ° ndenscr - Condensed ether ac- 
hclght of the ether column < SBOlves the fat of the sample After the 

syphon 4 it returns bach fo thc nrsT^eaL^ 0 ^” ‘ bC ” PPCr P3rt ° f ‘ hB 
cess 1 b repeated until . a £ aJn evaporates, and the entire pro- 

into the flask b ° Bntlr0 ' a< cont '"‘ >■ dissolved and transferred 


several samples' ^mVun^riy” f |t l ta no^the^ h* 0 ** ‘ h ' P°' ,slbiUt y to tcst 
consuming (time needed for extraction a ‘ rne!hod since It is time- 
Generally, analyala of one acrien nf „ d dryIn S to constant weight), 
reason numerous Investigators 4 ‘ 5 For lhic 

de*<-rmi nation g looked for other more rapid methods of fat 
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In the Laboratory of Ph f wI °g ^J^te^atT onto tasKts was ap 
Bel'kevich, originallydeveloped for f , hydrated by grinding 

P«ed. The method repu^s . a th — phosphate <Na 2 HPO ( a. 


with ignited sodium sulfate (NajSC^J I o ^ j oet hane ln a closed tesftuhe in 
then be treated with a given amount c ’'/“^The end of extraction an 
a water bath at 37-40-C for 30 minutes The.U^t 
is transferred into a e . ,,, by means of a graduated pip rc „elghcd 

transferred into the weighing amJ aratus and the weighing i 

ethane is distiUed off 1"?^ ^weighing bottle 
The difference b f» ee "*F ( a, dissolved in dichl”™***”' . K be easily 
filiation shows the weight of fat content of the sample 

weight of fat in the solvent, the total Homogenate are 

determined . duplicates! of wet we g lgbt of ignited 

For analysis 2 g sa “P le ‘ ‘ „ortar with three time. I ■« « s „ 0) 
carefully ground in a £££££ hydrogen cel. dia- 

NanSOd (sodium sulfate) or Grinding als ® ** , _ 

The sample is ground to a dry J d quantitative fat eXtra ^ te st tube 20 cro 
ruption whteh promotes, r. p£« '^ok wall »“^"°of the 

The ground sample is pla dluol sulfate and par aealb ground w th 

high and 3 0 cm in diameter 0 ved with a s P at , then collected ln 

wMch adhere to the The «£« is <«»!" 


The grouna samp.* — r codium suliam < , ,J aRa ln grow** - -- 

...dh and 3 0 cm m diameter S, °“ mov cd with a »P S '“‘“ " ,, collected ln 

which adhere to the mortar suUate The e "* lre the fat i» C ui,n |J'“ 
an additional 0 5 g of sodium s te d twice MM < 6odlum ,,IM. 

The ground s * m P j h i 0 rocthane I s a jL op cocV. The ruh Through 

ethane are added , prt with a two way d should h»v' d j„ dichloro 

Knudsen automatic P^roe.^ 'that it. «*> t.d with a 

S-~ «* d,chloro ' 

d Lo.he.e--:;:„rc- h .^ d V 

61,1 After 8 dKiMoroeth*.*^® p!es^e (j° ^PJ^hane^does cc! e ^f^ d ^j w tihahole 

stirred by means ° r **“ c ed«re dlchl" 0 , bc 

taketTtha^ during, tP^ s ( yhe [ S c!c s< Th^opento^^ 1 j d jm (s h fortred whlcli per" 

SSSF** > h ' * ,lr - 

3S2gg&&a3xsz s= - 

the test tube s ^ te8 t 
the temperature 



removed together with the pestle, and the test tube is stoppered with a 
rubber stopper with two holes. Through one hole a glass tube 25 cm long 
is inserted, its lower tip should be 1 cm above the bottom of the test tube. 
The lower part of the tube (approximately 1/4 of its length) is tightly packed 
with pieces of gauze previously defatted by extraction with ether. Cotton 
wool must not be used since it becomes rapidly clogged. Through the upper 
tip of the tubular filter a 10 ml Knudsen pipet is inserted until its tip touches 
the gauze packed in the lower part of the tube To prevent passage of air 
between the walls of the tube and the pipet, they are connected by means of 
a short rubber tubing (Figure 2, B) The second hole serves for inserting 
a glass tube connected with a rubber bulb or a bicycle pump (Figure 2, C). 
When air is pumped into the test tube, dichloroethane is forced through the 
gauze and into the pipet Care should be taken that dichloroethane does not 
contain particles of the sample When the pipet is filled with the extract, 
it should be carefully disconnected from the glass tube and the solution trans- 
ferred into a weighing bottle of known weight 



•??**«♦ 4* 

*-*Mr«eter 
»-»W. tuV* 4~rrxt*>o 



tob * ** • P*«l* lor (ample grinding 
. C UK ,ul> * removal of (olu— 

try (uetioo. 




HGURE3 Dlrtill,d ^ rP n«k 

w *trr cond«o*» ,,0 °- 

The weighing bottle SSjtJTS'™ > *°- 

ar chamber of the "“"'S'""" ItermetlcW «re« „ lhe chamber 

issee of dichloroethane the 11“ ^ rasa tub e P” 9 ”' ' On 


h a brass conaen&c* leading *«»» »■ J{fl b0 |iing of 

S?.i!£E 

“°" d ' n ” r no that the iW* _ **« 


b A th.‘J e e-- **« " 

mixture rema ^ampi* * _, 0 ved » n(1 the ap *. of dichloro* *hane 

Dichloroethane of tn . jjd Is retno trace* or tran* 

eral xnin itcs to a T he g!««* plfS h#« ^Lj . n d P re*er» 
J^ d ^ eno’e ™, weenie l->m.l c , the 

red into a deeiec The *««' content ot or 

analytical bab*"' 1It d.c.«« ,M ' 

he weighing h° tt,e 



sample Multiplying the value obtained by two, the fat content in the whole 
sample can be ascertained 

This method can be used for determination of fat in dry substances ro 
this purpose 100-500 mg samples of the substance examined are placed In 
small casseroles or beakers and poured over with 2-3 ml of hot distilled 
water The beaker is covered v/ith a watch glass and placed for 10 minutes 
in a boiling water bath When the sample is steamed it is poured out into 
a mortar containing 2-3 g of sodium sulfate The sample is quantitatively 
removed from the beaker by repeated wiping of its walls with a small amount 
of sodium sulfate, which is also placed in the mortar. Further analysis is 
carried out in the same way as with the wet substances The sample should 
be steamed so that the partly moistened sodium sulfate forms a homogenous 
paste with the sample in the course of crystallization during subsequent treat- 
ment with dichloroethane This procedure facilitates filtration of the fat 
solution Otherwise fine particles of the sample and sodium sulfate may 
penetrate the filter or clog it altogether. 


APPARATUS AND PXACENTS 

For the analysis of fat with our method the following apparatus and re- 
agents are required 

1) analytical or semianalytical balance, 

2) meat mincer (homogemzer) 

3) porcelain mortar. 

4) thick-walled round-bottom test tubes, 20 cm high and of 28-30 mm 
inner diameter, 

5) glass pestles for stirring, 

6) tubular glass filters. 

7) 15-25 ml weighing bottles, 

8) 20 and 10 ml Knudsen pipets with stopcocks, 

9) apparatus for dichloroethane distillation, 

10 ) rubber baby's soothers or rubberfingers. 

11) rubber stoppers for test tubes, 

12) bicycle pump, 

13) defatted gauze, 

(Na 2 lIP 04 ^ 5 HjO)! 0diUm ' Ulfate lNa 2 so 4> Of dusodium hydrogen phosphate 

15) purified dichloroethane. 

16) glycerol 



methods for fat determination 


UNDER FIELD CONDITIONS 


D A. Shubnikov 


(M «„ S..U U.lv.r.H to. M.V.U— —I 

Usually the ta. content of fish is <•*«""“£ be'oh.alS'’ 

Under field conditions “ rmo |,al state and degree dW»»_ 

trnry units. These IridlM^ »« d by the Fulton coefficient 
-|: r ' k teo^:!ero^ 7 ge:lrT^, o y f nutrition is so.e.h.t .ore 

'^Thtfessentlal drft *jy*p* p °esent' the^a" ^nt^t^'rT'ese' Coefficients must 

m sss^5Hi ussr- - be 

is subjective an appropriately equipped 

‘The r t^" 

the°same thne ^ Criter ‘ a “ hE _ 

t0 ^ oreans ,ha " the 
tZSZ .a~ deterntlning fatness under field cond^ 




tissues is determined by weighing the organ or organism in air and in water. 
This is calculated from the formula 


G = 


W-\V„ 


where W a — body weight in the air, 

W — body weight in water, 

K— density of water 

Later Tester introduced the term fatness factor 


W a 


Tester's formula in its final form is: 


W a 


W* 


The fatness factor (coefficient) has the following advantages over specific 
gravity: 1) it is easy to determine, 2) changes of F are more easily detec- 
table than changes in G; 3) the value of F changes according to the fat con- 
tent. Hence for determination of the fatness factor (coefficient) it is suffi - 
cient to divide the weight of the fish in air by its weight in water. 

The fatnesB factor (coefficient) may be determined in a whole fish as well 
aB in its various parts and organs. Fatness factor (coefficient) of a whole 
fish is determined in the following way: the fish is disemboweled, washed, 
wiped dry and weighed as accurately as possible; afterwards It is weighed 
in water, the weight in air is divided by the weight in water. For weighing 
fish in water Tester used a specially designed balance; we have used 
somewhat modified pharmaceutical scales. Prior to weighing large fish m 
water it is advisable to cut the fish just in front of the dorsal fin, to put both 
halves together, to tie them by means of a hook and to lower them Into a 
bucket filled with water. During immersion the gill covers should be lifted 
ftlr Bh «>uM be left in the abdominal and branchiostegal cavities. In 
r .Lu ? Uring the wel g hin g lh e fish should not touch the waUs or bottom 
o the bucket. The fish should always be weighed at one and the same water 
tpmw r !( Ure ’ we *8ht of fish in water may change depending on water 
peraUnms re * chan e es in specific gravity of water at varying tem- 

would ».T Pl ' °' delern ' lnln S ‘be fatness factor in eviscerated fish, we 
1050 0601 P T t '" " Ur data ° n A'lantic-Scandinavian herrings (Shubnikov, 

,I h ' ', aWe Bhows a correlation between the fatness factor (co- 


effirUnti reiauon Detween the latness xactor 

the latter was , ita . fat cont< : nt in percent of wet weight. 


tus bv chemical means (extraction in soxhlet appara- 

Tha correlation ooeffioien, of these 

B fat C aid'fh^®.'!;!. ,a , tn V a ^orlcoemc'iMtHor determination of splanc* 


nic fat and th P V V , icoeiucient) lor determination oi ■ 

fish (subcutaneous fat ° r Inefficient) in a whole fish or in eviscerated 


to obtain an estimate oT’.t*'? 1 of rnus clo). one Is able under field conditions 

a " Eh '‘“ dled <Pr0V ‘ dCd 


TABtE 


Correlation Vtrwrea fit comtct and Teiter'l fatnrts factor (coefficient) 
fa AcJaaefc*Scxtit&saWxn lerrtng* 
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DETERMINATION OF CALORIC VALUE OF SMALL SAMPLES 
G.S. Karz inkin and O. L Tarkovskaya 


(All-Uolcn Scientific Reieuch Institute of M*rlne Fishery and Oceanograjfcy) 


In studying the nutritional base of fish, the energy balance (especially in ^y , 
the eggs and larvae of a number of fish Bpecies, it is difficult and some- 
times impossible to obtain samples weighing 1 g (dry weight) required for 
combustion in a conventional calorimeter. Thus, for example, to obtain 
1 g d/w samples one must collect 200,000 specimens of Cenodaphnia, 

43,000 specimens of Daphnia longispina, etc.,i.e tens and hundre s 
of thousands of organisms which serve as food for fish. For studies on energy 
balance, not only the amount of calories taken in with food must be consider- 
ed, but also the caloric content of the excreta, the number of organisms the 
fish must feed on in order to excrete 1 g of dry weight of feces should be 
even higher, depending on food utilization. Hence in a number of instances 
it is impossible to obtain samples for combustion in an ordinary calorimeter. 

For determination of the caloric content of small samples, an indirect ap- 
proach is often used. This is based on oxidation of organic substances by 
various oxidants. At one time the method of wet combustion in chromic 
mixture was widely used. The calculation was done with the aid of oxycalor- 
ic coefficient — the amount of oxygen UBed up for oxidation of the organic sub- 
stance converted into calories. But even the authors of this method (Vinberg, 
Ivlev, Platova and Rossolimo, 1934, Ivlev, 1939, Ivlev, 1934) pointed out 
that a number of organic substances, especially nitrogen-containing ones, are 
incompletely oxidized in the chromic mixture. Ivlev (1934, 1939) assumed 
that about 39 % of "proteins' 1 are not oxidized to completion. Ivlev recom- 
mended to determine the amount of organic substances by means of wet 
combustion and to determine the total nitrogen content for calculation of the 
amount of proteins present in the sample, and then to correct for the in- 
complete protein combustion. Hence this method calls for additional mater- 
ial and analyses, and the use or an arbitrary value of 39% of incompletely 
oxidized proteins 


K^ B ^ C « rdIn «j t ?, OUr daU (Karzlnkln and Tarkovskaya, 1960) the method 
nr«tnr1°^ lda !r 0n . 0f 0reanic substances with potasBium lodate in the 
' sulfuric “ c!d 10 more accurate and can be used for the deterrol- 

[ i C uT v !n BmaU aam P leB - This method is as follows, 
con^ect^d wttha r „ 10 mB (Ir ° m 8 ,0 15 m e> is placed In a 300 ml flask 

i n,.! k'flua condenser ( B ec Figure) by means of a ground glass 
lodate Jnd%0nd conlaln exactly 3ml of a 5% solution of potassium 

^ ° Cf concentrated sulfuric acid (sp.gr, 1.84). The analysis 

nc acio. The flasks are connected with the 



condenser without shaking, and heated on an asbestos-covered electric 
heater in a hood. Boiling is continued for one hour. The condenser must then 
be cooled. Organic substances are oxidized to final products (H2O, CO2. 
NH3, H2SO4) under the action of potassium iodate and oxygen in the presence of 
sulfuric acid. Oxidation commences immediately during beating, this can 
be judged by the vigorous release of free Iodine which renders the solution 
a red -lilac. The more oxygen is used for oxidation, the more organic sub- 
stances are present in the solution, and the more Intense the red color of 
free iodine. 

After combustion, the flask is cooled and the transparent 
and Blightly greenish-yellowish liquid is carefully diluted with 
50ml of distilled water. Free iodine is then evolved, render- 
ing the solution a pinkish-orange The liquid is well mixed 
(to avoid splashing during heating) and the flasks are heated 
(not boiled) on an asbestos-covered heater or on a sand bath 
until complete disappearance of the color and smell of Iodine. 

After removal of free iodine, the flasks are again cooled 
and their content diluted In 250 ml ot distilled water. 10 ml of 
10% solution are then added and the samples are kept in the 

dar The° re'^Sdng potassium iodate is titrated with 0.1 N solu- 
tion of thiosulfate. It Is assumed that potassium iodate is 
decomposed In amounts equivalent to the 

of Po.. r - ~t:, r 

According to the equation.. 

6KI0 3 + 6H 2 S0 4 - SKgSOq + 3H 2 0 + 3Ij + » 0 

1 ml of 0.1 N B ^“°““^„d?"o^69mg oxygen.. Mol- 
KI0 3 and 1 rag of KK>J tte onl(>un , o( thiosulfate us 




flash with « re- 
flux for com bus- 
tics. {Flask Is coo 
nected with the 
reflux condenser 


up for titration of KfOjj I oxygen used up for 
I srwmd analyzed is obtained. osygen, one may use the 

““ ’ JSfttSSSS. equal . a =f " * L > , ’ M ’ “ 

convert the amount of oxygen spent on cator ■ ^ ^ ^ utr ,,lon of KIOj 

Example! 41.06ml of WMdUWo « experimental one. 
in the control flask and 25.23 ml in the exp 


15.29X0. 


j - 25.77 - 15.29 ml 
.66667 - 10.13mg oxygen. 



The sample taken for combustion weighed 10.7 mg, calculation for 1 g 
< 1 3 X 1 f ~ 

10X7 

946.7X3.38 = 319B.8 g/calone 


, 10X13X100 - 

of sample r-rrr^ - 346 7 


This method is sufficiently accurate and simple at the same time. It 
doeB not call for special equipment or expensive reagents. A number of 
determinations may be carried out simultaneously. The high stability of 
KIO3 enables us to store samples after combustion and iodine removal for 
the determination of the part unspent in oxidation for at least 24 hours prior 
to titration. 
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METHODS OF INSTALLING CHRONIC FISTULAS IN THE DIGESTIVE 
TRACT OF FISH 
B.V Krayukhin 

(Institute of Biology of Wales Reiervolr* of the Academy of Science! of the USSR) 

The rich scientific inheritance of I. P. Pavlov who did so much for our 
understanding of physiology of digestion in various agricultural animals 
has been used but little in studies on the physiology of digestion of fish. 

The classic fistula method has been used only once in fish by A. F. Sulima 
in 1919. In spite of valuable results obtained by Sulima, this method has 
not been in use since. This is apparently associated with the difficulties 
encountered in working with fish and in the absence of suitable books on t e 
method. 


PREPARATION Cf PLASTIC FISTULAS 

The most suitable fistulas are round or flattened "f “ '* 

In the middle part and distended fan-llfce ends. These invest!* 

on the aim ol study and on the size of the lish It “ t<m>T 

gator should prepare the fistulas himself, since he p 
cording to hie requirements. The nBtula 8h ould be 

A very Important factor is the weight of plastics used for artificial 

as light as possible and at the same time robust. Plastics » 
teeth are suitable for this purpose. . . lag from plastics 1) pre- 

There are four stages in the preparation f of Parle . 

paratlon of a wax model. 2) casting the wax model into piss 
3) packing with the plastic and 4) finishing. ^ diameters from 

Preparation of wax mod ® 1 ' d Havin g chosen pivots of the 
stainless steel, brass or copper are use * * d the same wax model 

required diameter they are coated with w : ■ ?J ag of lden tical sue and form, 
may be used for the preparation of neve ^ eac h fistula Metallic 
but two pivots of identical size are req ter a i on g their entire en ^ ' 

pivots should be smooth and of iden >ca removal from the pivo 

otherwise the fistula will develop cracks during 
will have to be discarded. 



FICUSS 1 



The wax model Is prepared in the following way: First the pivot is cov 
ercd with a wax plate (commercially available plates used in dental Police) 
which constitutes the basis of the model of the fistula. The length of the wax 
plate should be that of the fistula, and its width should be equal to the circum 
ference of the pivot. The plate is warmed slightly on a heater or between 
the fingers and wound round the pivot. The place where both sides of the wax 
plate meet on the pivot should be joined by touching it with a hot lancet. II 
the edges overlap, the excess of wax plate should be cut off and their cages 
joined. If the edges do not touch, the gap between them should be filled with 
liquid wax (a piece of wax is melted on a lancet). A wax tubing is thus ob- 
tained. Its walls are formed to the desired thickness with a lancet. The 
middle projection of the fistula is then prepared. To this end a band of wax 
oi the desired width is taken and after softening it by kneading with the fin- 
gers, it is attached sidewise on the middle part of the wax tubing. Care 
should be taken that the projection adheres to the tube. It is then carefully 
adjusted to the required thickness. In the same way the two terminal rims 
are prepared (Fig. 1). 

It is very important that all joints should adhere closely, otherwise after 
removal of the model from the plaster of Paris, they may break off and 
remain in the depressions of the plaster of Paris. 

The metallic pivot and the wax model are then coated with a thin layer of 
vaseline by means of a brush. 

Casting the wax model in plaster of Paris. The wax model 
is cast in piaster of Paris in a detachable mould (cuvette used by dentists) 
consisting of two halves with a removable lid. First one must learn to pre- 
pare plaster of Paris of the required consistency of sour cream. Our ex- 
perience is that for filling two moulds (cuvettes), 400 ml of plaster of Paris 
and 240 ml of water should be used for the lower halves, and 300 ml of plaster 
of Pans and 180 ml of water for the upper halves. This is only an approxi- 
mate proportion, since the quality of plaster of Paris, and especially Its 
moisture content, may vary. 

Plaster oi Paris Ib diluted in a large crucible. The diluted plaster of 
Pans is cast into the lower half of the mould, the surface being smoothened 
to the level of the edges of the cuvette. Excess plaster of Paris is removed. 
When the plaster commences to solidify, one half of one or of two wax mod- 
els with pivots are immersed in it. The roughened surface of the plaster of 
Paris should be smoothed out with a lancet. When plaster of Paris solidifies 
(to enhance its solidification the mould may be placed on a heated surface) its 
entire area and the surface of the wax model Jutting out from the plaster of 
arts is coated with a thin layer of vaseline by means of a brush. The lower 
half of the mould is covered with the upper half and plaster of Pans is cast 
inside to tuU capacity. It is very important that all grooves of the wax model 
"J oald ',1? w “ h plaster OI Pans - F °r ‘Ms purpose a small amount of 
plaster of Paris ib cast, the mould is shaken and then tilled to capacity with 
P ' aB , tCr , ot Pa rls. When the plaster of Parts begins to solidify the lid is fit- 
nr a S d *| he m ?" W * 8 placed under press. This removes the excess 
. P “ ri *. a " d 110111 fcalves of the mould and the ltd are tightly scaled. 

mould should sowllyweS" “ d ° VBrnl8ht - PlaSter ° f Parta 111 the 

beta B a sen l arated f™ m P .i, a V 1 ‘ : ' Th ® Upper halt of the mould ls ‘aken off. 

8 separa ‘e d trom the lower part by means of an awl or screwdriver. 
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The model of the fistula remains m the plaster of Pans of the lower half of 
the mould. The metal pivot with the wax model of the fistula is carefully 
taken out, for this purpose the pivot should be hooked and lifted with a sharp 
tool. 

The metal pivot with the wax model may be stored (and repaired if damag- 
ed during the procedure). It may then be used for the preparation of another 
fistula. If the fistula rims remain in the plaster of Pans, wax should be 
removed by pouring hot water over it to dissolve the wax or it may be cut out 
with a lancet. The plaster of Paris of each half of the mould contains depres- 
sions corresponding to the half of the model of the fistula. 

Plastic is then prepared (AKR-7 or vernoulte may be used). Both are 
used tor the preparation of artificial teeth. The powder should be mixed 
with the liquid in a small porcelain crucible by means of a glass rod The 
mixture should be mixed until it can be stretched. The mass obtained is 

SffiMrs^jSSSSESr 

is filled separately. Thepl.stic ma ^ ^ ^ torm as thal used for 
Is covered with a metallic P™ 1 " 1 are lred for each fistula). It 
making the wax model thm* two o p t du ^ removal ot the 

only one pivot is obtainable, the Iirst pivox i 

wax. onvpred With a cellophane sheet which is 

The lower part of the mould is ic wjth the upper ha if D f the mould, 

slightly moistened in wate ^ a " s The latter is tightened until both halves 
The entire mould la put under P [rom „„, er th e press, the two 

join closely. Then the mould ‘ „ ..moved and again put under the 

halves are separated, apd the c P a contal „er which is tightened and 

press. Attenvards the ntouidu P sterlIl8er [or 30 min) The whole mould 
placed in boiling water (or elect water lt must be turned over 

must be completely immersed In boning 

after I5min) ,, roc edure must be carried out as quickly 

If vernonite Is used, the f dr i es , i os es elasticity, and the fistula 

as possible, otherwise the verso 

becomes brittle. hc mou |d should be removed from the boiling 

The special container wi 

water and left overnight. Uer - it is important that the mould should 

Finishing. Next day l r ated with the aid of an awl, lancet, 

cool) both halves of the ou , pj a3tcr of Paris Is removed from the 

or knife, and the fistula M » ^ drled . The fistula should be separated 
mould, and the l»« er i f locking « out ■>' the l3,,er - Ttas should be d »ne 

carefuUy. P otherwise the by means ofatlle The fistula should 

The excess of plastic Is jmdel _ The aurfac( . la smoothed by fine 

assume the appearance of w e:irboru „dum disk used by dental technicians 
files and polished on a Jmaj j motor). Afterwards the fistula Is 

(the disk fs set in "°“°"mg-shaped brush. One can also use felt with bricks 

with water. . ur bid-whtte and brittle instead of glass-like and 
m f !h. veinite liquid was added .0 .he powder or dud 

transparent, It of optimum consistency was missed, and 

during mining * e dry. 
plastic has become 



The following apparatus and materials arc required for the 

r=s.?si,r,“i i:zr^Txp{}.^ n 

spatula, 14) small and large lancets, 15) graduated cyUnder, 16) smaU 
and large crucibles, 17) cellophane; 18) enamel mould (cuvetle) l W ham 
mer; 20) screwdriver; 21) ground brick; 22) various files; 23) nleoM 
burner; 24) small, soil brush. 25) vaseline; 26) carborundum disks (den 
tal type) . 


SURGICAL PROCEDURES CN THE DIGESTIVE TRACTS CF FISH 
Preparation of Operation 


In order to be able to operate on fish, a thorough knowledge of the struc- 
ture of the digestive tract of the species under study is necessary. This 
includes the location of inner organs in the body cavity, as well as the dis- 
tribution of large blood vessels and nerves along the digestive tract, A 
projection of inner organs onto the body surface should be made and reference 
points drawn, according to which the experimenter will be able, during the 
operation, to select the site of the incision for the insertion of fistulas in the 
desired region of the digestive tract. The most suitable reference points are 
the pectoral and ventral fins. The arrangement of the digestive tract m the 
carp is illustrated m Fig. 2. The figure indicates the points at which it is 
convenient to insert the fistulas in different parts of the digestive tract. 

The fish should be prepared for the operation. FIshbrought to the laboratory 
from a water reservoir are at first so terrified and excited that they may 
jump out of the aquarium and refuse to take food. Some of them may be injur- 
ed during the transportation, or may be ill and not infrequently perish. It 
takes from several days to one - two weeks to adapt them to laboratory condi- 
tions. It is important to get the fish accustomed to nutrition under the new 
conditions. After the fish have adapted to life In the aquarium and commence 
to search actively for food, they can be operated on. Surgical procedures 
are beBt performed when the digestive tract is empty. For this reason the 
fish should be starved for 2-4 days before the operation. 

Before the operation the fish should be anesthetized by placing it in a 
2% aqueous solution of ether until reflexes disappear. The fish should be 
kept in ether solution lor 5- 10 min, depending on its size and on the fresh- 
ness of the solution. The fish is then taken out of the ether solution and 
placed in an ordinary container or on a specially designed operation table. 

The fish should be wrapped in wet gauze, the operation field should be ex- 
posed. Scales at the site of the planned incision should be pulled out with 
forceps No other preparation of the ope rat ion- field is required. 
f„i£ h< L USUal ^ nst f“ ments » including needles and sutures, are used. The 
BU w ln8t f uments are required: various scalpels, anatomic 
C roove d g ‘^° rC H?^ t? ar 5 e f° d ama11 blunt-Lipped and pointed scissors, a 

needles etc AmZj , ’T"' 1 B,r « chI "6. ™*<ae holder, various 

needles, elc. Among special instruments required mention must be made 



of 2 or 3 blunt metal hooks for pulling out the stomach and intestines. In 
our work, a thin capron* suture was most satisfactory No sterilization of 
Instruments, materials and hands of the surgeon is required. 

The surgical field should be well lit. 
The size of the fish and the structure 
of their digestive tract vary widely Hence 
one must prepare several fistulas of vary- 
ing diameter, size length and form, to 
fit each specimen. 

PREPARATION OF GASTRIC FISTULA 

The side and exact point of incision 
roust be decided on before the operation. 
Incision through the skin and muscles is 
done with pointed scissors (better in 
transverse direction in relation to the 
fish body). The size of the incision 
should be as small as possible, so that 
only the stomach can be pulled out through 
the opening For example, in the ease of 
dwarf (Ameiurus nebulo sus > and 
common shea.hf.sh (Sllt.ru. glanls) 

Sd Mean easily be held with forceps 

this Is followed by an Incision through the 
“ soles and finally through the visceral 

peritoneum. The stomach is P““' d ^ h <iL^eVin 0 the P r °ccss , e a “ b,3d ' 
taken that the other internal ■«''*»"" d th3t Inr ge blood vessels are not 

der. liver, swimbladder and others) warmblooded animals, may 

to™, large blood vessels in be e.s.ly separated from 

sometimes lie on the surface of the stem 

the adjoining tissue. ofn mach is then decided on Owing 

cess Then a purse-string suture s m 3d ' ", , 60 -200gthe incision 

the future incision. In . ££* ^smaller the ^" tt ,e 
should he approximately . stretches easily during through the 

better, because the stomach thc sulureshouldnot p nJ 

fistula. When the muscle slightly along 

mucosa (only through m uscle layer ts ,, witJ) scissors, 

should not touch the mucosa. Ja yers are cut ‘h™ £ „ u rse-strlne 

the edges, the submucous ^ ■»»= ^ Is mserted and both^ 

a purse- St ring suture a surgical knot (Fig. 

sutures are tightened and tleo w 
the wound are turned In. 


FIGURE 2 Location of digestive 
body cavity Of the cup 


[Soviet «n.* to polyC-oUctufn »» d r *“ 1 
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The serous-muscular layer may be cut without n preliminary purse-string 
suture. In this case, after having cut through the muscular layer, its edges 
must be slightly separated and the purse- string suture is used on the muscles 
Subsequent procedure is similar to that described above. If blood vessels 
are damaged and hemorrhage commences, it should be arrested by ligature. 
Blood vessels which cannot be bypassed during the incision should also be 
ligated. 

The stomach is now cleared of blood clots and tissue fluids with a weak 
KMn0 4 solution. Then the stomach together with the fistula is carefully re- 
placed through the cut, and returned to its normal position in the abdominal 
cavity. The fistula should be inserted in such a manner that its middle rim 
should be in the abdominal cavity. 



F1CURE 3 Tightening of pun« -string suture around the fistula In the stomach of a dwarf 


heldtoVne'orlwo^Tmrn ^ °" d is to ° lar 8 e - the ‘ Iho “ ld be 

should b° w ta mtad th„t » Th f Be Bu,ures must be very sturdy. It 
certain extent and mnv n* U ure ® irritat e the surrounding tissues to a 
is especially frequentlv notP^in^™ 81 ? ° f , the tlssue ar °und the fistula (this 
muscles should be as small as posable and™*' th ® incision throu S h skin and 
avoided Tightening of the nut-L . lb ? e d My superfluous sutures should be 

and similar precautions should be takm throu** *?*“ alS ° b ' d ° ne careflllly ' 
The fistula is stoppered with a ' 

When small fish are operated oE fif ^ ared for thia Purpose beforehand, 
cut through with a single stroll tA, 11 lay ® rs of the stomach wall may be 
incision is carefully separated from f, muacle la y er along the edges of the 
two purse- string sutures are G mucoUB and submucous layer, and 

mures are made, one on the mucous layer and the other 


120 


on the muscle layer, the fistula is inserted, and the sutures tightened and tied 
with a surgical knot. 

The fistula must clearly fit the size of the fish operated on, it should not 
be too wide or too long. Round fistulas are preferable 
The operation should be completed within 15 - 20 min. 


PREPARATION OF ISOLATED STOMACH 

This operation (especially on small fish) requires experience and skill in 
surgical procedures. II has been earned out with success. 

In installing of Isolated (pouch) stomachs, one should be guided by the 

cedure. attention should be directed I mainly tj> vessrfs (vascular bran- 
local blood vessels. To avoid hemo 8 heated (on the anterior and 
ches) along both sides of ‘heincis w#lls are then incised. The stomach 

posterior stomach walls), both sto or pre ferably layer by layer 

walls may be cut through with a sing * fUowed by a n incision through 

First the muscular layer to d».ect. id. This £ c ‘° lon throu gh .he mucous .and 
the mucous and submucous layers. i muscles along the edges of the 

vessels and nerves pass. . d difficult Btage o( the '>P«f a ““ 

Thp next stage - the most critical an portion and the cardiac 

consists oMsolatln^hoth^gastrm^s^me^ ^^ toen^IorniloS^_ 


pouch) forming a wan ww * th is purpose and 

the stomach and the pouch as separa ted along the planned I t layers 

rirtrisma^^M-- 

tion of the pouch. ™ S ., ro “ S ‘ s mg through the stomach, 

nerves and blood vessel P submucous layer similar way 

mucous layer is then sutured to the^ ^ ^ ^ incision. In » »■» ^ 
commencing from the va “‘ t , 0 ! the Isolated gastric 'L m n S to left, into 

the mucous end “““^s that on its distal layers are 

together. The only differe d The mucous and l & ^ gtomach and 

which the gastric * lstu J* d inwa rds. The musclel y of the incision 

sewn with their edges n together, betw een the stomach 

that of the cardiac pouch are then communicrttonbet ^ 

are also turned Inwards To av ^ caref^T iei out by the 

and the pouch, the *« 1 ^ ’plated gastric pouch 

Insertion of the fistula into 
method described above. 
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sheathfish is illustrated in Fig. 4 




FIGURE 4 Isolated stomach in common iheathfish, diagram on Ie*t - Stomach 
before the operation on right da gram — after the operation 

AE - line of Incision, abc - line of sutures, I - nerves, 2 - cavity of the main 
stomach, 3 - cavity of the isolated stomach; 4 - gastric fistula, the *ravy line 
Indicates the mucous layer (diagram on right) 


PREPARATION CF INTESTINAL FISTULA 

A convenient place in the selected segment of the intestines is first chosen 
(depending on the aim of the procedure). The skin and muscles are incised 
by the method described above, and the intestinal loop is pulled out by means 
ol a blunt hook. It should be remembered that the loose tissue of the intesti- 
nal wall, especially in small fish, can be easily torn, and that the diameter 
of the fish intestine in smaller species is very small. For this reason, a 
purse-string suture must be placed on the segment delineated for incision. 
The segment within the suture should be oval, with its long axis along the 
length of the intestine; its size should be such as to include the entire length 
of the Incision. 

The cut through all layers is made with a single incision. Hemorrhages 
should be avoided during the incision through the intestinal wall and during 
the suturing. The fistula is inserted through the incision, and the purse- 
string suture is pulled tightly and tied with a surgical knot around the fistula. 
If the suture is not tight, another should be made. Superfluous sutures 
should be avoided, tightening should be done carefully, etc. The intestinal 
loop with the fistula is carefully replaced in the abdominal cavity, if possible 
at Us former site. The incision through the muscles and skin is sutured in 
the »ay already described. 

The preliminary purse-string suture on the intestinal wall made before 
the incision may be dispensed with. In this case the procedure is similar 
to that described for the operation on the stomach in small fish. Flat fis- 
tulas are preferable. 

The operation should be completed within 15 - 20 min. 
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PREPARATION OF TWO FISTULAS 


Two chronic fistulas may be inserted in the course of one or two opera- 
tions. In the latter case, the second fistula is inserted several days after 
the first fistula, when the fish has recovered from the first operation 
If two fistulas are to be inserted in the course of one operation, the duration 
of the anaesthesia should be prolonged by nearly 1* times. 



F1CURF 5. Dwarf *h«.chriib with two FuwUt (In .temich aaJ b 


Istcitlnei). 


... l 99 fi o with two fistulas (in the stem - 

In Fig. 5 a dwarf sheathfish weighing fistula8 wer e inserted In 

ach and in the intestines), iB illust ^ * tODera tion complications were ob- 
the course of a single operation. No p P days, 

served. The sheathfish was under observation far 105 1 


rOSTOPIBATIVE PEBIOD 


a They should be 

After operations the fish should optimal conditions 

areiully inspected each day. They ah ^ temperature and food arc con 
s far as air. mineral composition of ‘ Ub w ,, h a thick paper to avoid 

:rned. It is advisable to wrap aquarium wa tl sh can be 


inspected each day. t _ tempe rature and 1000 “ . . 

air. mineral composition w P ia a thick paper to avoW 

It is advisable to •fP'""" 1 "’ operations the fish can be im 
ky movements on approach of mam ^ A F Sulim. 

silized in special devices (t devices id the aquarium). . „ ^ 

tr operations kept the fish In such devices not surrive long in 

.ur experience some fish. days, even with"* <*» 

immobilized position and die a periods in lhe ^ e sp ^ addition, 

,. Thus we avoided long immobillaatM P comJ , cl , ded . In 

er fish species, immobilisation is P™> 



some physiological experiments call for immobilization of the fish For 
this reason we shall describe a special device of this type used for fish im- 
mobilization . 

We have prepared certain apparatus similar to those used by N. Belousov 
(1900) and Baghom (1908) for studies on respiration and physiology of swim 
bladders in fish. 

The device is prepared from metal plates in the shape of a fish body, and 
consists of two folds which can be locked after the fish is placed inside. 
Transverse beams should be quite close so that the fish will not be able to 
slip out. At the same time they should not hamper fish respiration. The de- 
vice is suspended on metal pivots and a wooden beam. When the device is 
placed in the aquarium with the fish, the wooden beam may float on the sui 
face or lie on its walls. We kept fish vn such immobilizing devices in natural 
water reservoirs. We then attempted to coastmct devices to keep fish in 
aquariums so that they would be able to live under normal conditions and so 
that the investigator should be able to take them out whenever he wishes to 
examine them or to submit them to certain tests. 

The method by which fish with gastric fistulas are taken out of the aquari- 
um is very important, if they are taken out carelessly they may lose their 
fistulas Fish can be taken out by means of a landing-net, the following con- 
ditions must be observed 

\) the landing net should be made of a very fine net (coarse gauze) so as 
not to entangle the fistula, 

2) each fish should be caught carefully, and no jerky movements are al- 
lowed, 

3) each fish should be taken out of the net by the assistant, who should 
take it In both his hands (to keep if from struggling), and in this process the 
fistula should not be touched, but should be freely suspended. 

U these instructions are not followed the valuable experimental fish may 
perish 






After having tried several different methods, we chose the following one 
An ordinary fishing line (Its thickness depends on the size of the fish, and 
its length on the size of the aquarium) is threaded (with the aid of a surgical 
needle) through the muscles of the back of the fish, under the base of the dor- 
sal fin, while the other end of the fishing line is tied to a fishing carbine with 
a ring through which a metal wire passes. The metal wire is suspended a- 
bove the aquarium. The movements of the fish are unrestricted, while the 
investigator can take the fish out easily and gently whenever he so desires. 
When the fish is taken out of water it should be supported by the second hand 
and wrapped in moist gauze. This can be done easily after some training. 
This method of fixation of fish is very successful not only with fish which are 
kept in an aquarium, but also with fish kept in special containers in natural 
water reservoirs (Fig. 6). 

What complications may occur in the postoperative periods? 

According to our experience, based on post-mortem examinations, the 
following reasons of death in the experimental fish have been revealed, 

Dnecrosis of tissues around the fistula and prolapse of the fistula (when 
heavy fistulas are used), 

2) damage to the gallbladder, 

3) damage to large blood vessels with formation of hematomata. 

4) improper fixation of the fistula in the gastric or intestinal walls, 
result of which the fistula may fall out, 

5) paralytic ileus (during or after the operation). 

Post-mortem examination of all fish shou d be ’ h t " on the 

made during the operation are revealed. Let us to ODera tion should be 
fish to be operated, as weU a. the entire course of the operation, 

recorded in a protocol. after the incision 

Pla If the^operaUon^s 1 smmessful and ncMm rophcationa develop the fish with 
the fistula may live long and normally. 


feeding' of fish with fistul * ”■ 
digestive juices 


food mass and 


mono FISH WITH CHRONIC mTUtXS « ™t 


PICESTTVE TRACT 


One must distinguish between slKcia^nd ^eraUeedh.8 oftheto"**- 

chronic fistulas of the digestive tra • the operation 

gatlon in question Active food b-take V d to Me In 

three factors. First, the fish ‘““cond. »° P° s 'T^be "ormal 

and to active feeding be'"' °£ Ddlll ons In ’ he , a f "‘^e ^liarlum) the 
cations must occur; third, life c , the fis h (size of tne 4 
and not interfere with ^change, etc ) . flstu la (not be- 

water temperature, gaseous *^rch g the /ish with the f {t 

From the moment one commences to ^ be wat ched wne 
fore 3 - 5 days after the operation). 
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per^Vally smce we^t g L is the beat crt.erton Tor quantit.es of food 

C3 ‘when fish are kept on an ordinary diet, it is sufficient to put adequate food 
into the aquarium. If to aU appearances no complications have 1 occurred, 
but the fish nevertheless loses weight, it can be fed artificially by giving 
food through the mouth or administering it directly into the digestive tractthm g 
the fistula. If food is returned it can be introduced on a thread fixed in th 
fistula. According to our observations this method stimulates the dig 
processes, and fish so treated commence their active search for food. In 
the course of further experiments, the fish may be fed by adding the food in- 
in the aquarium or by placing food in the mouth of the fish or directly in o 
the desired segment of the digestive tract through the fistula. 

If food is placed in the aquarium, the amount of food taken by the fish is 
calculated by the food which remains. If the fish is fed directly into the 
mouth, then of course the amount of food taken is known. However, such 
feeding precludes the search for food, and the catching and swallowing of it, 
all processes of great importance for digestion For studies on the role of 
different segments of the digestive tract in digestion, the food is introduced 
through the mouth or through a fistula inserted into the corresponding seg- 
ment of the digestive tract. 

One of the criteria of the beginning of feedings and digestion after the 
operation is the appearance of mucous excrements. Some time after the 
appearance of mucous excrement, normal feces usually appear. 

Fish with fistulas in the middle and posterior (especially in the posterior) 
segments of the digestive tract (stomachless fishes) and of intestines (gastric 
fishes) are the first to commence active feeding after the operation. 


CCUECTICN CF FOOD MASSES AND DIGESTIVE JUICES 


The content of the digestive tract and of the digestive juices in fish with 
chronic flBtulas can be collected in the following way. 

a) the fish is taken out of the aquarium, the fistula is opened and the con- 
tent of the digestive tract is removed through the fistula into a vessel. 

b) the fish is taken out from aquarium and the food mass and digestive 
juice are collected with the aid or a pipet. This method is suitable for col- 
lecting liquid food masses and digestive juices 

c) food is taken out from the fistula with the aid of forceps, a grooved 
probe, or a special small metallic spatula. This method is suitable for col- 
lecting food masses from intestines of predatory fish and from the middle 
and posterior segments of the digestive tract in stomachless fish 

d) digestive juice and food masses are collected in a special receiver (a 

rubber receiver is preferred) which Is tied to the external rim of an open 
fistula nnd with which the fish must live for some time and move freely, and 
which ensures a normal way of lire for It. The bulb of a glass pipet may serve 
as a receiver. b K 1 * 



e) small amounts of liquid food and digestive juice may be collected by 
means of a weighed filter paper (the juice moistens the filter paper) 

Concerning the collection of pure digestive juices unmixed with food and 
secreted fn the course of digestion, the isolated stomach method is one of 
choice. We have succeeded in carrying out some observations (after suc- 
ceeding in performing this operation) on the secretion of pure gastric juice 
in the course of digestion and on Us reaction in common and dwarf sheathfish 
Pure gastric Juice can be obtained by mechanical stimulation of the gastric 
mucosa by some indifferent stimulants (Introduction into the stomach of some 
glass or rubber "beads" on a thread through the fistula). 

No methods are available as yet for the obtaining of pure intestinal juices 
from living fish in long-term experiments. The method developed by 
V. A. Pegcl* (1958) for studies on the mechanism of secretion of pancreatic 
juice in a Siberian dace is promising 


Chronic fistulas have been used successfully for valuing access to various 
segments of the digestive tract of f.sh .a repeated erperlmentattca. It has 

been used for the following purposes: rone* in 

1) studies on the passage of food and changes which the food undergoes in 

the course of digestion, 

2) studies on chemical changes of food, 

d! :S!« o" Z meohanlMr! " .Ton of d.geshve juices sad oa .he 
nrJZl’s on the effect of vae.aua faclars oa .he la, easily of digest 
^h^orlau, feature of 

of a normally functioning digestive tract under na; 

ium or fish pond) and active feeding. physiology of other organs. 

This method may also be used for studies oa .he physio gy 
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THE USE OF METT'S RODS FOR THE SIMULTANEOUS 
DETERMINATION OF ENZYME COMPOSITION, ENZYME ACTION AND 
MOTOR ACTIVITY OF THE DIGESTIVE TRACT IN FISH IN CHRONIC 
EXPERIMENTS 


V.A. Pegel' 

(Tom A State University) 


For simultaneous studies of enzyme composition, enzyme activity and 
motor activity of the digestive tract in fish in chronic experiments, so-called 
Mett’s rods maybe used, these were recommended by S.G. Mett in 1089 
during his work in I.P. Pavlov's laboratory. Apart from the known protein 
and carbohydrate rods used for in vitro studies on the activity of proteolytic 
and amylolytic enzymeB of the digestive juices, one may also use fat rods 
for the determination of lipolytic enzymes in fish in chronic experiments. 

For preparation of these three types of rods, thin-walled capillaries 
about 2 mm in diameter and 20 cm long are used, after filling them with 
the corresponding substrates by means of suction. 

Protein rods are prepared in the following way Fresh egg white free of 
yolk is collected in a porcelain crucible and freed from membranes by sep- 
arating the egg white with scissors and filtering through a double layer of 
muslin The egg white is then mixed with physiological salt solution (egg 
white-salt solution, 9 1 v/vj The mixture is filtered through filter paper 
for a day For the removal of air bubbles the filtrate is placed in a desic- 
cator under reduced pressure (achieved by means of a vacuum pump), 15 - 
20 hours later the egg white is taken out of the desiccator and drawn Into 
capillaries which are immediately immersed in hot water (90 — 95°C). The 
rods are left there for 5 minutes, their ends sealed with Mendeleev paste 
and stored in a vessel filled with water. The protein rods are ready for 
use in this form. 

Protein rods may also be prepared from blood plasma. They are easier 
to prepare and better digested. Blood is taken from the carotid artery of a 
dog or rabbit (blood can also be obtained from a rabbit's ear). The blood is 
centrifuged for 3 — 5 minutes. Plasma is drawn by suction into the capillar^ 5 
and coagulated in hot water The rods are prepared beforehand and are 
stored in the same way as those prepared from egg white Gelatin rods may 
also be prepared (gelatin may serve as a substrate). 

Starch rods are prepared by drawing up into the capillaries a hot mass 
consisting of a aqueous solution of starch with some amount of methylene 
blue, this mass is heated and stirred constantly with a glass rod Methylcn e 


seolcd'wlfh M ' r ? e , li "“' i ” S ,1,e ot digested starch The rods arc 

tor 2 - 3 days V PaS * e S1 ° red ^ C ° ld w=ler The J' "«* be 

For the preparation of fat rods, fat which is solid at 30-35*C maybe 
used, such as lard. This is digested with difficulty, however Margarine 
is thus preferable. 

Immediately before the experiment the 
rods are cut into small pieces 0 5-0 6 cm 
long, the edges rounded off by the file used 
for cutting the rods to pieces, and placed on 
a watch glass filled with water (to prevent 
drying up of the surface of the substrates) 

The rods are then inserted into the digestive 
tract of the fish For this purpose forceps 
with grooved flat tips are used, or a specially 
designed syringe -like glass tube, the inner 
diameter of which should be slightly smaller 
than that of Mett’s rod The tip of the tube 
should taper slightly to facilitate its introduc- 
tion into the esophagus 

A thin wire piston with a ’restrictor 'is placed 
inside the tube so that the piston wilt protrude 
from the lower opening of the tube by not more 
than 1 mm (Fig 1) 

Before inserting the tube the piston is 
slightly raised, and the rod with the appropri- 
ate substrate is placed in the lower part of the 
glass tube. The fish Is then taken out from the i with . the left hand 
and with the right hand the narrow end of the tube is In e 
of the fiuh 




ihe di*««We tf*** of l^> 
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By pushing the piston the rod Is drawn through the esophagus and into the 
anterior part of the intestines (Fig. 2). The fish is then placed for 10-15 
minutes in a separate vessel filled with water to check whether the rod has 
been introduced into the intestines. Such a control is essential, since some- 
times the rod may be pulled back and remain in the mouth of the fish. Some 
training is needed for the successful introduction of Mett's rods into fish in- 
testines. Unexperienced persons may perforate the intestines with the for- 
ceps 

The exit of the rod from the anal opening is recorded, in other instances 
the fish is killed after a given time, dissected and the localization of the rod 
in the intestines established The time of retention of the rod in the intestines 
serves for assessing the motor activity of the digestive tract. The depth to 
which the substrate in the rod (taken out of the intestines or excreted) has 
been digested is measured with a ruler and magnifying glass. 

To study the effect of starvation, and of the quality and quantity of food on 
the motor activity of the intestines, as well as on the activity of enzymes of 
the intestinal juices, it is necessary to feed the experimental fish actively or 
by artificial feeding before introducing the rod Artificial feeding consists of 
the introduction of a known amount of food into the anterior segment of the in- 
testines by means of tweezers or other instruments. For studies on the effect 
of certain external factors, in particular that of temperature, on the motor 
activity of intestines and the activity of intestinal juiceB, the fish should be 
examined under suitable conditions, for example m aquariums with different 
temperatures. The rod is introduced into the anterior segment of the intes- 
tines and the fish is kept under the specified conditions until the rod is ex- 
creted through the anal opening. 

In the same way studies can be carried out on the effect of other factors, 
(such as damage to the nervous system and various pharmacological sub- 
stances) on the digestion of fish 


This method can be used for simultaneous studies on the enzymatic and 
motor activity of the digestive tract in stomachless fishes only, because the 
rod may be retained in the stomach and the time of itB retention in the diges- 
tive tract, all conditions being equal, may vary widely. In the case of fish 
v/ith a stomach, motor activity and enzymatic activity should be studied sepa- 
rately. 

By means of this method it has been established that daces have proteo- 
lytic, amylolytic and lipolytic enzymes throughout the entire digestive tract. 
The digestive activity of these enzymes as well as the peristaltic movements 
of the intestinal muscles depend on various factors, especially on tempera- 
ture, the amount of food in the tract, and others. 
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METHODS OF STUDY OF THE DIGESTWE PROPERTIES OF 
PANCREATIC JUICE AND BILE IN FISH IN LONG-TERM 
EXPERIMENTS 


V A. Pegel' 


(Tomsk Slate UaWenity) 

For studies on the digest.ve properties of po ^“entsf"”'. W '” 
fishes with isolated anterior segments in long ( c , p |llaries) with pro- 

necessary (see Fig onp 1 «> >» ‘^“"lo the oral cavity of the fish The 
tern, carbohydrate and lipid substra Dancre aUc juice enzymes, is »s- 

enzymatic composition, and the activity f p mServ)a digestion 

sessed by the amount of the o'* 8 *”* 6 “ “ , trii ot the duodenum which 

after the rod had been excreted fr oidn 

has been exteriorized for this purpose ln ,„ the duodenum together 

To determine the role of bile enzymes £••»* mu5t ba collected from 
with the pancreatic juice through the bile tte.^ wlous substrates In M«‘ 
several gallbladders and Its effect ^ tic composition “VJJjJ „rt,o- 
rods in in vitro experiments. amount (millimeters) of P Jcf 

tivity of the bile is assessed from th om eranJ ple pancreati ju 

hydrates and fat digested, to SI »>eri .« ££ whereas the bilr 

contains proteolytic, amylolytlc and rim „„ 

devoid of all digestive enzymes. to fish in tong-te ' ■ W „„ 

To examine the role of mu st be prevented by lyms 

the passage of bile Into the in deEcr ; te d. ! „ 0 ihat 11 will 

duct. This operation to dac wrapped to a without anesthesia- 

The fish is taken cut of the water ^ fj performed Q. jr 

not compress its glU cover . ’ Ilize d by Immersing the are unnecessary 
Surgical instruments are . c or antiseptic mea . Ion £ S made into the 

perience showed that Btric ^ mob m*ed »" d B 0 f pincers, the tips ° 

in this operation- The fish „M«sora. By ^ under theante f _ 

abdominal cavity with 


tish i. immohimec-— mcan8 of P i^- 7rJor 

abdominal cavity with a scalpe 1 a °gle!l»d* lu ’ l!a ' )5 “ r ,'Iart'. With «* * w jjL r 
which are bent at almo3t r g its esopbages P tbe end of the 

segment of the intestines IS c “/. r °™ tItl e is lifted. -'“'V.ouud .round nbe 
one thread held on both ends .the tot« b? fte forceps ^ „ ,,clliu'-d W 
thread, nearer to the surge • the second eor- 

intestlne in Its foremost P thread Thu itJas c! the bile tba 

lifting the intestines with the 1 localt d at bo* vl , lb |e Bid 

under the intestine to two places > o! , hc gallbladde 
ered by the liver. Only a small pa 


liver The loop thus formed is located along the intestine, extending into a 
small Blit between the longitudinal part of the intestine and liver which cov- 
ers it The free ends of this loop on the other side of the intestine are tied 
in a knot When this is tightened the loop goes deeper into the space between 
the liver and intestine, and separating it from the latter reaches the duct of 
the gallbladder and tightens around the duct near its entrance into the intes- 
tine Another knot is made, and the free end of the ligature is cut off The 
operation is completed by sewing up the abdominal cavity with a continuous 
suture A schematic representation of the ligature on the gallbladder duct in 
dace is illustrated m the Figure 



ium Fot' a'bout^n^hour^he'fi'oh'', wi' I1Eh shouIdbc transferred Into an aquar 

normal position and cannot be differed aTe^V^^ ‘ hc " assu “ es *“ 
intact fish erenuaiea in its behavior from the other, 

this slmpfe^p^ratfon 0 ' operated" 1 ** succeesful completion of 

15 days They rradCally develop , “ ,hiS *«vo lived for 7 - 

increasing yellow color of the white abdomV 1 " ? *“ T‘ ly dlagnoscd b y the 
domen of the fish commences to __-f bdom t n Several days later the ab- 
fish dies ^ • reaching considerable size before thf 

cumulate in the antcri^^’segment'of the'fnte^t! COnEested muoous masses ac 
intestine because of atonia of the ^^stine, and do not move along the 

the same place =ne can fiL M el t^ r^‘ t “ a '' d “ e th ' '«* blld “ 
the operation under normal conditions latroduc f d °n the second day after 
the intestines due to the penat-ilti,* esc rot * s are rapidly propelled aloi 
The extent to which the aub Jtr. m ° r V * ments of latter 
fat is markedly decreased which InHJ *1*° are di £ ested especially thi 
creatic, and cspeciaUy the ‘lipolytic enzyme!?* 1 the bile activates the pan- 
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STUDIES ON ENZYME COMPOSITION, ENZYME 
MOTOR ACTIVITY IN VARIOUS SEGMENTS OF THE DICE 
TRACT OF FISH IN LONG-TERM EXPERIMENTS 


V. A. Pegel' 


jTomiW SUM U«tvci»Urt 


Studies on enzyme composition, enzy of Melt's rods in- 
various segments of the digestive trac various segments of the di- 

volvc surgical interventions “ ln ’' d “ the fish and to dissect the di- 

gestive tract. The simplest meth .production of Mett'srod. Depending 
gestive tract a certain time afterth rMCh , certa in segment of the jh- 
on experimental conditions, the ro introduction of the rod and t e 

testine. Knowing the time elapsed ''"'''actoRyand enzymatic activity of 
distance the rod has travelled, the motor determined. Another method m- 
the segment traversed by the rod can b bc studied A small In- 
volves the placing of ligatures on the »««“' 1 to be studied, fmd 

cision is made, the rod is introduced ihWtteaoS introduced through 

this segment is separated by Uga le iigated dl!t,Uy Tbe mges- 

the mouth into the duodenum. a „d the rod taken “*• J be 

time interval the fish is kill®* determined. Fo . e ( C .). 

tion of substrates present in rod (pje ce of meat, bread^e 

troduced into the intestines toge j minutes, n0 (dace, carps), 

The duration of the operation is seve^ 0 f the Wj ^ for 

quired. The operation does P swim normally and ^jj, tlbod the 

10-15 minutes alter the OP® 1 ?* 1 ? J Tbe drawback of tM rlnjents on 

experiments in the c °“ rse ° tIonSl and the inability to r 'P actOT ty con 
short duration of the observ composition an If in testlnes are 

one animal. In addition, only motor activity of the 

be determined; simultaneous s ncists of the following 

not possible. . . h _ above drawbacks co 

An improved method wit escr ibed): et towel. An in cls ° 

(operation on Siberian dace is w * ter an d wrapped in a &nal fin The " 
The fish is taken out of th « ** o5 cm proxim; ‘‘ISn segment of the du 
is made along the abdomina P * g cjn long. A s ^ a r{g ht angle, 
cision through the skin shou ^ers with tips intestinal loop* 

denum is pulled out by means °f pm region of the firsUh ^ ^ e a 
intestine pulled out should a i possible dir r00 gh the edge 

operation then proceeds in one ^ ^ 

small transverse incision is 



which threads are sewn, these serve as "handles" for holding the ends of 
the intestine Then m place of the transverse cut the intestines are separa- 
ted by cutting through them. Both ends are separately sewn to the skin, and 
the free space between them is covered with skin. A preparation resembling 
a Tiri-Wella intestinal fistula is obtained (Fig. 1). 




FIGURE 1. Complete Isolation of the an- 
terior and middle intestinal segments In 
dace 


W II 1 " ^n? lhe J caae cm lon e longitudinal cut is made into the intestinal 

Th , c ed H es ° r tlu8 out are sewn to the wound by separate sutures. Two 
‘ °" a ^ Pe T ES T [ormed - »tuch divide the intestine into a short cranial 
hetleen th 8 ' ^llbladder and pancreatic ducts, and a long caudal part, 

between them a muscle bridge remains (Fig. 2). 




FICURE 2 Partial i rotation of the an- 
terior and middle fegmenu of the tnte» 
tine in dace 


Each operation takes 10 — is i 

immediately after operation the HflU'noe' Dace bear it well. Frequently 
In their behavior from other fish In ,h ssume a normal posture and do not dilfer 
fiah In the aquarium. Such fish may live for 



months and eat well. They can serve as experimental subjects for studies 
on enzyme composition, enzyme activity and motor activity of each of the 
isolated segments of the digestive tract. For this purpose, rods with pro- 
teins carbohydrates and fats are placed into the anterior segment (through 
the mouth) or into the cranial segment of the intestinesewn to the skin, the 
time when they are excreted and the extent of digestion of the substrates in 
the capillaries is recorded and measured (in millimeters). 

It was shown that in dace the anterior segment exhibited proteolytic, 
amylolytic and lipolytic activities, but the posterior segment was shown to 
have only an amylolytic activity. The motor function of the posterior seg- 
ment depends on its link with the anterior segment. Experiments on dace 
(operated on by the two methods, see Figs. land2)showed that the anterior 
segment stimulated peristaltic movements of the posterior segments of the 
intestines. 



METHODS OF OSMOTIC REGULATION STUDIES IN FISH 


E.A. Veselov 

(State Unlverthy of Petrozavodsk) 


The choice of a method for studies on osmotic pressure depends on the 
subject, experimental conditions and aims of the investigation, and primarily 
on the amount of biological liquid available. The most accurate and widely 
used method at present is the cryoscopic method based on the capacity of 
8 “ b , sl “ ces lo lower lhe freezing Point of the solution. 

mpthort h P ‘ 1 He ° 3motlc Pressure of the solution. The cryoscopic 

method is. however, not suitable for work under field conditions. 


OST AWING or MOOO 5AMFIXS FROM FISH FOR OSMOTIC PRESSURE DETERMINATION 

dium oMhe orgasm S a " d aa P nuids which form the internal me- 
fil several conditions Certnf ° r osmotic P re ssure measurement must ful- 

ples^or^tudUs^on osm^c^rea^ur^areobmf^V^ ° bSeryBd Whe " the Mm - 

euperfluous in the case of sairmle. t »re obtained, precautions which are 
studies. samples taken for chemical and morphological 

During the taking of samples’ the'o’smotm*''" 1 ^ mUCUS and other substances, 
main unchanged 6 Fish bloS co^SS ” T5 the ah ° aId «' 

rate or oxalate cannot be used, state they alter . Amlc ° a B , ; la '>‘<> B “ ch aB c “- 
sample. For this purpose sinantrln !n a 1-1000 h!T ° smotlc Pressure of the 
use of this substance permits the takinj. nVm °.^ d / IUtl °" may be used - Thc 
rounding temperatures of 30 -40'C m-Jk 'lavn ‘ he heart even St aUr ' 
(10 - 12*0 the blood of some fish ma JhL /t 39 ’ At Iower temperatures 
Blood Bamples should therefore be taken m a i e m Wi,h ° Ut any antlc ° a B' lla " t - 
freezing point should be avoided) ° C ° ld rooma temperatures below 

f ™V h ' ' aada! art " y - the 

tipped rubber tubing for drawing un H 1 *™ caanula » (Fig-1) with glaos- 
ratus Illustrated tn Flg .2 can afso be ™°' Ith may be used. The appa- 
to permit the obtaining of several mUrnf, d ' “ the fish ls a “fdciently large 
connected a ,0 -50 ? ml g^ «,T“" bla0d . ’ h ' —la should be 

* 15 111 c oni zed glassware should be 


used. The needle Is Inserted into the heart of the fish and the blood is with- 
drawn by suction (through the second tube). 



FICUM I. hr MM bl~t “W"' “ 

»-e«— ~>4* 


The cannula is prepared “ d 

the capillary end of the ceran * ' cotton 
flame. The upper end i ^ 

( '° rTedT ‘severad cannulas must be pre- 
taminaied). sever the sealed 

end^ bimkenand" a rubber bu‘b is fired on 

the thick end. .™., ct ed with the E 1 * 83 

The rubber bulb is d saInple , 

Up of the reservoir. For «* 
a fresh cannula ohould be dmary "Record 
For studies on 'arjf e although they are less 

syringes may he «sed^J<b « ^ ^ 

set tJS ssu — tad ’ a " 



must De tu.u-v 

blood fi-ibh and alcohol. dIsse cted. The incision 

For taking blood '^Sdewosedtoliea rtW 1 

can be taken by P u '’ c “ r ‘”L, ,he blood is not m“ed •* , M ) musthe 
Care should be taken that m jo be uie „ (heart, g 
ter. The site from which b _ ,, wor oscopic cotton. ^ „ ie of the test tuta 


,cr Ca « from which «-*£££ cotton. 0 , the test tube 

wiped dry with filter into test ««•», should IK ■clean *£ p . 

Blood samples are t blood taken. stoppered to pr nd 

used depends on the ! J“° nI led with Wo011 * ^,ed to sedim ent Blood 

siliconized. Test Js then « “ ,h rubber corlm^ grated 

oration of plasma. be stopP , rtr 15 -20 ® lnuteS ‘* ( ,. tube of the 

fibrin. Small test tubes may ^ jftr W p0ure d *,0 b y 

should be centrifuged ^ cellg and fihr ” £ ure is to be « ^ Jg taken 
from the sediment of B (he M moti P ,crocryoseopy>‘ 

freezing-point . a P p “ hod (bytensimetry 

means of another _.idi*>^ ,a,, tk« L 

4 F« method* d««U“< 
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directly from the centrifuge tubes. Until the determination of osmotic pres- 
sure the serum should be kept in a refrigerator (or m an ice box) to prevent 
bacterial growth Our experiments showed that blood samples should be 
stored in the cold (at temperatures close to freezing point) for 48 hours. 

The freezing point of plasma does not change in the process In this case 
the plasma should be sealed m ampoules (2-3 ml of plasma per ampoule). 
Ampoules are prepared from glass tubing Fresh blood may be centrifuged 
directly in the ampoule. This circumstance enables one to take blood from 
fish in places which are far removed from the laboratory. Blood samples in 
ampoules may be stored and transported in vacuum flasks filled with ice 


CRYOSCCPIC (FREEZING POINT) METHOD 


The freezing point of water containing dissolved substances is lower than 
the freezing point of pure water, i e the freezing point is below 0°C Lower- 
ing of the freezing point is proportional to the amount of dissolved substance, 
and s not determined by the nature of the solute, hut by the amount of solute 
particles dissolved m water 

(ne'^r r r OUS 1°" elC ? t . r ° lyleS ln e( l u ^ mo * ar concentrations cause a similar lower- 
trndueed h ne P “ f , lh !; casc of clectr ° 1 y'mi a correction should be in- 
Stor d by Ulplylng the concentration of the solution by Van't Hoff's 

ter^!,!^ n i'J m , 0lCCU , ° rn ° nCleCtr0lytes sucrose) dissolved mwa- 

ter lowers the freezing point of the solution by 1 8G"C This value is called 

^rd^^^ 


P »l - 


(1) 


(41. the totl^osmotic concentratlcm of < aU b oolutes t C caifb'e calculated! 88 * 00 


c « 


A 
l 86 


(2) 


at ° IM^ C f reezin'^'poin^of to ^solution \° n Ti0nelcclro ^ 22 4 atm. 

“ C Pr "“ Ur ' ° f,h " "•«!« can be"^uS1pt n “r4,r e eVs S edT n 


P o8m " — — . 22 4 
1 86 


logical fluid’" osmotic properties of bio- 

-mg potn, O, any .o,u„ M ^rate 



mercury thermomclei- (n Pr |, m ,„ 

electric method. If tU ,I, ,f T ^"“wmeler) or by means of the thermo- 
quantity (10 - 20 ml lot. each determm fae ° bfained to efficient 

of Choice This mc,h J“ r, , J ™ihod is the one 

ing point of the external medtSn ltre.e ^ l '' dt,trmi ““on of the freer- 
carfous salt solutions „ sed ... . J f . ‘t brackish or sea aster end also of 
only small amounts of blnh,^ n ,° S “PWiments with f,sh). tvhen 
and small fish, one m„ 5t ?2£*£S£Z££*- ** « ** 


KCh'UlW METHOD 

tusarf„ m ee?ed h " m0 " C '" Beckml ™ point appara- 

Beckmaim thermometer (Fig. 3) has a large mercury bulb, a 
scalewhicbhasonlysijcdegrccs and ia graduated fn ^ degrees 
and allows f or readings with the accuracy to 0.002— 0.003®C 
Scale readings are relative, i. e the position of 0*C is arbit- 
rary and not constant, 0‘(zero point) may correspond to any 
temperature required (for example - 5-C, -2*C. -I0-C. etc.). 

For this purpose there is a small mercury reservoir at the top, 
into which mercury can be shaken if higher temperatures are 
used or from which mercury can be drawn (by warming the buib 
until the met-cury thread enters the reservoir) if iower tempera- 
tures are used. 

For determination of the freezing point of bio logical fluids. 
mercury in the thermometer should be adjusted so that the 
freezing point of water 10°C) will be 3 - 4°C above the zero point 
of the scale. At first the thermometer Is roughly adjusted, and 
then the e*a c* position of freezing point of pure water is located 
on the scale 

Rough adjustment. The lower part of the thermometer with 
the mercury bulb is immersed in water with pure thawing ice 
or snow and the position of the mercury column is recorded. 

If the mercury stops somewhere in the middle of the scale, 
then the amount of mercury in the bulb does not have to be meas- 
ured, only the exact position of the zero point remains to be de- 
termined. 

If the mercury stops too high (above (he upper edge of the 
scofef nhr attesvarr of tserrury fn the bulb must be reduced. The 
mercury bulb is warmed by hand (or carefully on a burner) until 
the mercury enters ihe email reservoir. The upper end of the 
thermometer is shaken (by tapping with tbe finger) unttl the mer- 
cury thread Is Separated into two. and some or the mercury from 
the bulb enters the upper reservoir The mercury bulb of the 
thermometer Is .gam immersed In thawing ice and the position 
. fT-e prior point is determined. 

' tr the zero point is too low (below the middle of the scale) the 
h„Ib is again warmed until the mercury thread Irom the bulb 
M ,,r fthe upper reservoir, and then the thermometer Is lurned 
, down and some of the mercury Is shaken from the lop 
reservoir and Into the bulb. 
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After the freezing point has been tentatively established, its accurate 
position is determined by using bidistillcd water and the Beckmann freezing- 
point apparatus. 


The Beckmann freezing-point apparatus (Fig. 4) consists of a vessel for 
the cooling mixture (outer jar) and a vessel for the solution to be studied, 
the latter is provided with on air-jacket. This apparatus can be constructed 
by the investigator himself. Cylindrical or rectangular glass beakers (1500- 
2000 ml volume) can be used as outer jars (for the cooling mixture). 

The vessel for the sample solution (Fig. 5) consists of a wide tube (15- 
20ml volume) with a side arm. The tube is provided with a cork stopper, 
through which a glass or ebonite stirrer and Beckmann thermometer pass. 

The tube is fitted through a cork into an air jacket which ensures the 
uniform cooling of the vessel. In the lid of the apparatus there is another 
hole for a second stirrer to stir the cooling mixture. 

The cooling mixture consists of three parts of crushed ice or snow and 
one part of sodium chloride. Fine table salt may be used. The temperature 
of the eutectic mixture approaches -21*C. 

i Zcro poInt Beckmann thermometer. Tube 1 (Fig- 5) 

I* S of bJdistllled water and stoppered with the cork pro- 

ded with the Beckmann thermometer and stirrer. The tube is fitted into 
the air Jacket, and the entire apparatus Is fitted Into the ltd of the Beckmann 
’ P Th appar , atu8 -, Thc vesse l 3 (Fig. 4) is filled with the cooling 
f ° rl iS contlnu °“sly stirred and the position of 
be taken J 11 * tem !’ er o'“'-c of beginning of freezing should 

Realmes are fu a " d 'hen remains steady for some time, 

fnstances suoerc^lf UmC Wh ' n thc mercur y o'^y. some 

aSe^ 

mcrc - 

of water. The .w^'ST ' lmC W “ h ‘ frC ° h P ° rti ° n 

natkirTof the^reezing^oint^jf^etllled 6 ^^ 6 13 I?® SamC as that for determi- 
nations should be made with d ^ ater * Not r * w er than two determl- 

and subtracted from the aver™ ** S * mple ‘ The average value is determined 
water which corre^nds to ^ ° f ““ freezin * poi "< of bldistmed 
Example. 


Tb*. mometer 

Fleeting point of bldmllled water 

2 XT) S' 
txp.2. 2 J»5» 

E*P 3 2XW 

Average 2J»7» 


reading* 

Z. Freezing point of the liquid n tailed (glucote 
tolutloo) 

E*P-I. 0.920* 

F*p 2. 0.918* 

E*P 3. 0317* 


Average 0.918- 


A of the tolution - 2J3TT -0 918* • 1.179- 


The Beckmann method is 
merous investigators and is 


a classical one. it has been verified by nu- 
widely used In chemistry for determination 
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FI CURE 4 Beckmann fr*«t 
Ing point apparatu* 

1 tube fc* the sample l»olu 
t Ion examined)- 2 air Jack 
et 3 outer Jar for the cool 
log mixture 4 Beckmann 
thermometer 5 nirrer 


FIGURE S Detail 
of Beckmann Inti 

Isg -point apparatn* 

1-tube for tie ram 
pie |«o lotion exam 
Ined) 2 air Jacket) 
J -ft brerj 4 Beck 

Omni therm an eter] 

5-eUe arm 


of the molecular weight of inorganic and showed 

ments of T.N Sumarokova and G I A * wh ^ n t b« ordinary stirrer 

that this method can be made even ™° re the sam ple at any desired 
is replaced by an electric one whichmay d “ erminalion of the temperature 
speed This method allows for the P the lce crystals 
nf thawing at the moment of disappear constructed a m,cr °?r y ? S * f 

Veselov's mic roc ryoscope JJ' er(l9 , 3) whichenabl el -one 
based on the principle of Drucker an - t _ rm inations on small samp e 
to carry out several simultaneous determinau , c 

(Veselov, 1936) , t of a microcryoscope. coo er « ** 

^ 'rer^iS glass 

The main part of the ^rocryoscop^ ^ of two cyUrdr in diame'er 
thawing of frozen sample" Th V ’ ter vessel is about cer k 

vessels fitted one into another d ^ t he outer 

and 20cm in height The inner vessel 


that the inner vessel is in no direct contact with the outer vessel. .The ves- 
sels are covered with a wooden (or better with an ebonite) lid on which all 
other parts of the microcryoscope arc fitted. The inner vessel is 
with the cooler by means of glass and rubber tubes. From the cooler CaClj 
solution is fed into the inner vessel. In the center of the lid there Is a hole 
with a rubber plug for inserting the Beckmann thermometer. At one e de 
of the lid there is another rubber plug^through which an ordinary chemical 
thermometer with a scale to —10 —15 passes. 



FICU?i 6. Appttts a to trier odrtenafaatico ci Uteii&x pofas (After 

Vetelcrv) 

A -coder, B-trtoecrrosccpe, C-jlau tabe-Mti » capUUry Up to 
•imp let. 1 -wooden box. 2-left fatdate*. 3-tfac box, 4 -cod 
Ktnare, S-ltoild medium to Etotacrrsacope, t-rriAer bn!l> to 
txnrtrJBi d atr; 7-nAber tube, 8 -thermometer to t era .live de- 
tenrhuaoo of tie tempemcre cf the l^dd r-e-'iam, 3-£ecS3=*en 
thermometer; 10-tlaa tube to « imp In. to the taVe of clarity ft 
baa been dr«w» focfb! ailie from the Eeeimmn thermometer, 
la reality tbe capillary part tbodd tench the bdb dtke thermometer; 
11-toa.l to po=ri =l fa of Uqdd metiiam, 12-ttirrer; 13-cameetto 
b«-eea m«cr end nirrer, H-tamoo, 15-rtihber rto to ft« the tube 
on the lid d tbe micrscrycwcope 
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in the lid ot .he apparatus there .relive holes “Sf' 

in relation to the Beckmann thermometer lor the “ mpl ' J ( h h llarIes 
should be as close to the Beckmann to t,S W the 

holding the samples should touch the Hilary 

possible difference between the t ‘f mpep ‘L . s diminished toaminimum 
andthe reading of the Bee! kmann ' *j“”V , a che mical thermometer. 

In addition to the Beckmann therinomet . ^ mted with . fumtel through 

capillaries for samples, andthe “ tlrre 1 lure ma y be added to the 

which a liquid medium (CaCl 2 ) at room ‘ de fermtoatlon the walls of the toner 
cooled liquid. Since in the course of th d be mpad dry periodically with 
tube are covered with water vapor they ®h m gp „[ which there is a 
swabs, rubber or penoplast sponge ' hd (4 . 5 cm long and about 1 cm 

special semicircular hole at the edge of the ^ 


Ts' a cooling mixture 60S 

(instead of the giycerolrecommended by Dn.^ and warms 


wide). 


chloride solution does not to^his' T \ higher degree of accuracy 

up more slowly than glycerol. Owing! 

:Sr-ss“S2=?Sr- 

brought m motion by means grated by means of a rh ^ 1 • j 

The speed of the stirrer can "f r , dc , ol „,lon) is a „ d a 

The liquid medium (c p A , 0 , de o boa. an sh(>uld have thick 

The cooler consists ^ ed glass bottle- The *?ft“ 2 x 26 cm.The hd ts pro- 
2000 - 2500 ml wide > ; nC f* aaaied lid. Its sice IS 32 X 2 ^ mi a third hole 
walls and a hermetically - diameter. clo, ' d ?f The MIr side of the 

vlded with t»» “‘es » b »“* , 6 h ' ro nec k of the e'^d wlth a double layer of 
in the center of the of the box are c udlesS metal box made 

bottom, the walls and the w<)ode „ there Is a I 

felt for insulation, in la[c . . zii) c box so that Its neck 

of zinc or zinc-coated tin Pi • i8 placed to th “ of bottle Is 

The glass bottle wlth*“ c the . co olcr's “ d -J“ a ,|s connected with a 
shows up through tbe h ® one tube, the sho on i g t0 the bottom of 

'•mwmwm 

Class tubing pUlarles ft ^ ® * (a , th e tapering : enflu thc bottom. 

To prevent tne fld ) and seen i_ ss jars with cotton . lsdrawn 

cotton (at the wi lose d b0 * e 'L d t he liquid (plasma, for ® height of 

rcid<p--’ co1 ^ 



tube Is held with the tip up and shaken to break the liquid column Into ® ma11 
columns each 1.0 - 1.5mm In length. The capillary tube la tipped up in order 
to propagate the liquid to the middle ot the capillary. The tip of the capillary 
is then scaled on an alcohol burner (the sample In the tube should not become 


heated in the process/. 

The sample is then frozen in a cooling mixture consisting of snow or crush- 
ed jee covered with a thick layer of sodium chloride. The cooling mixture is 
placed In a large porcelain crucible or mortar, and ground until a slurry is 
formed. The temperature of the mixture drops to - 15 and — 21*C To freeze 
the content of the capillaries they are plunged Into this slurry for several 
seconds. Unless the cryoscope is ready, the frozen samples maybe kept 
in the cooler, they arc inserted through one of the side holes Jn the lid of 


the cooler 

The determination is carried out in the following manner. The bottle of 
the cooler is filled with 2.000 - 2,500 ml of filtered 50 T* calcium chloride 
solution The cooler is filled with a cooling mixture consisting of snow or 
crushed ice and salt. The liquid medium (CaCl2 solution) Is cooled for 10 - 
20 min. The temperature of the liquid medium should be lower by at least 
1.5 - 2*C, than the anticipated freezing point of the sample. While the liquid 
medium is being cooled, one may carry out other preparatory work (obtain 
blood samples from the experimental fish, centrifuge them, prepare capil- 
laries with samples, etc.). When everything is ready an adequate amount of 
calcium chloride solution (cooling mixture) should be transferred from the 
cryostat into the cryoscopc (freezing-point apparatus). Not less than 3/4 
of the volume of the Inner vessel should be filled with this solution. If the 
calcium chloride solution is inadequately cooled, it is again transferred 
into the cooler (by opening the clamp of the rubber tube which connects the 
microcryoscope with the cooler).* If, on the contrary, the calcium chloride 
solution is too cold. It may be diluted with a solution at room temperature 
which is poured through the funnel fixed in the lid of the cryoscope. 

When the temperature of calcium chloride solution reaches the desired val- 
ue, the samples are frozen and the tubes with the samples are placed into 
the corresponding holes in the lid of the cryoscope. The stirrer Is switched 
on (gentle stirring Is recommended). 

After some training 3-5 samples may be determined simultaneously. 

A further task consists of watching the gradual thawing of frozen liquid 
columns of the sample and the position of mercury in the Beckmann thermo- 
meter. Since each capillary contains several columns of the sample, one 
of the middle columns should be watched. The columns on both extremities 
are unsuitable for this purpose, since the concentration of osmotically active 
substances there may be somewhat changed owing to evaporation during seal- 
ing of the tubes, etc. The smaller the column of liquid, the more suitable 
It is for the determination (the height of the column affects the accuracy of 
determination). The column of liquid which is watched should be located at the 
level of the middle part of the mercury bulb of the Beckmann thermometer. In 
that case the difference between the true temperature of the sample and the 
reading of the thermometer is minimal. 


i F °J ?! 8 j ° f convenl ence an electric lamp with reflector should be 
placed behind the cryoscope. To prevent warming up of the cooler by the 
lamp a rectangular vessel filled with water is placed between the lamp and 


* Th * «®**M*w»*4WpUe*d 20 - 50 cm be to. ih. 
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the 


me cryoscope. One side of the vessel is wrapped in oil-paper which dis- 
perses light. 

The thawing of the sample must be watched with the aid of a large magni- 
fying glass (7 - 10 cm in. diameter) with an adequate focal distance Headings 
of the Beckmann thermometer are taken at the moment of disappearance of 
the last ice crystal in the sample. This temperature corresponds to the 
freezing point of the liquid. Readings are taken with an accuracy to : U WOO 
part of a degree. Simultaneous determination of freezing point of five sam 

pies usually takes 30 -45 min. Thp main 

Accuracy of the method and sources of errors. The mam 

causes of inaccuracies and errors are as follows taken drying 

1) change in concentration of .he liquid to te- 

up of sample {during centrifugation, filling P 

complete sealing of capillary tubes. m „rnnduetivitv cause wide dif- 

2) thick walls of capillaries, and poor «d ther- 

ferences between the temperature of the sample inside the cap! y 
mometer readings. _ amD T e In relation to the ther- 

3) incorrect position of ,he colu f? , „ , he to iumn of the sample is lo- 

mometer. Our experiments showed tha of the Beckmann 

cated 1.5cm below or above the central part of thebu^ ^ ± o 
thermometer, an error is Introduce . f disappearance of the last 

4) Inaccurate technique (when °< «“>' 
ice crystal is not accurately determined. 

Beckmann thermometer). . uiph column). .. 

5) too large volume of the sample (too Beckmann thermo- 

in the course of the the temperature of dhe 

meter rises slowly, owing to .a gradual ^ Imme 

liquid cooler. The tempeimt of thc sam ple. An error ^st 

ppearance of the last fee c diat eW on disappearance t 


liquid cooler. The tempera* . the 8a mple. An error . 

disappearance of the last ice c dlate i y on disappcaranc e corrcc t 

duced if the reading Is not made ,s required to take corre 

ice crystal, but somewha • Drucker and Schreiner 

readings. . of gre at importance. e accu rate the 

The volume of the “ f thc column of the sa ® p * * , d 0 I various height 
had shown that the ama . cntg with columns of ^ ‘ of sample 

determination. Our exp 1 e obtained wh jh no t exceed 

have shown that accurate milli meter. and its length 

column does not excee f CuSO,. glucose and blood 

the diameter of the capillary ** ^ of soluUonsotC^ „ d that :des- 

Comparat.v. »'•» 8 ° ! ,M f^s dwJot exceed 0 02-C Ipro- 

plasma of bulls. carried the difference in « d) TW , seeursey is «de 
crlbed above showed that m >Mve .... observe 

vided all conditions »<»“ method have been described 

quate for biological P"^ 0 |“ our »Icrocr3W'”^“ lc . uo „. did not include 

Various modifications o ^ The JSructlon of our apparatus 

(Blinov. 1948. change thecons.ru 

any new principle* 


e^vnsccrr m £T,co 

^ B utcOK T!,lc flr.l ,| m e bj • K . A. 

_ . U3 ed for »>- “**“'* 

This method was ^ stu dies on th 


This method was “ e 

Maksimov (1913>. " h ‘* 



rv . ta rryothn* intpr found wide application in studies on the resistance of in- 
s^ectsT^Uw temperatures (KalSukhov. 1035, Kozhanchikov 193 7 , 0 n d the 
resistance of fioh to low temperatures (Shmidt, Platonov and Person 193&). 

Principle of the method. Freezing point of the sample is deter- 
mined (with the aid of a thermoelectrical needle), from rthe difference in 
potentials between two cohesions of different metals. One cohesion (thermo 
needle) is placed in the sample which is subjected to freezing, and the other 
is placed in the thermos with ice thawing in distilled water at 0 C (Fig. )■ 

The apparatus consists of a cryoscope and a thermoelectric apparatus 



FICURE 7. Diagram of thermoelectric apparatw 
(»fm)olf«, 1929) 

liainpl* with unknown temperature, 2 -medium with 
accurately known temperature (thawing Ice, for ex- 
ample) 


Cryoscope. This part of the apparatus is based on the principle of 
the Beckmann apparatus A 2,500 -3,000 ml thick-walled cylindrical or 
rectangular jar provided with a wooden or ebonite lid may serve as an outer ves- 
sel (Fig. 8) Galvanized iron or tinned copper vessels may be used 
(Kozhanchikov, 1937) To maintain the necessary low temperature inside 
the inner vessel, the latter Is placed in a wooden box lined with a thick 
layer of insulating material (sawdust, felt). The vessel is filled with a 
cooling mixture (ice or snow mixed with sodium chloride). 

The main part of the cryoscope consists of two vessels fitted into one 
another. The outer vessel Is double-walled It serves as an air jacket. 
Between the walls of the inner and outer vessel there is a cryohydrate mix- 
ture, a thermometer and a ring-shaped stirrer. The inner tube is fitted 
with a small test tube 3 - 7 mm In diameter, which contains the sample and 
thermoelectric needle 

The double-walled vessel maybe prepared from wide test tubes by placing 
one test tube inside the other with the aid of rubber rings or corks. In some 
cases the outer vessel may have a single wall The stirrer is prepared from 
a glass or ebonite rod ( t r necessary, a thick tin or nickel-coated copper 
wire may be used as a stirrer). The stirrer is set in motion with the aid of 
an electric motor. 


A 50% solution of calcium chloride may serve as a cryohydrate A certain 
amount of calcium chloride should be precooled in a 1000 ml bottle by placing 
it in a vessel with a mixture of snow or crushed ice and sodium chloride 
The cooled solution is poured into the cryoscope when needed 

The thermoelectric apparatus consists of a thermocouple, Dewar flask 
(may be replaced by an ordinary Thermos) and a galvanometer. 

J Galvanometer. The galvanometer 

should fulfil the following conditions a) its 
sensitivity should be not less than 15 “ 

25“ 10 volts, b) its inner resistance should 
be tow (8 - 30 ohms) A loop galvanometer 
is better than a mirror galvanometer 
When a mirror galvanometer is used the 
readings are made with the aid of a disk 
reflected by the galvanometer mirror. 

This method calls for work m dark rooms 
and for transformers or a small battery 
for mirror illumination This drawback 
of the mirror galvanometer toe 

ssfiis: 

the galvanometer. Th^ ^ int0 c m 

from a compact whi^P flgureg on 
and mm with In , Q the mirror 

the scale should £ c f , he sca ]e 
reflection. The zzrop j( j tm>ll slit 
is in the center- scale j, suspended 

should be made on tw0 beams 

against the ga trlpod at a distance 
supported l ometer *. The 

of 50 cm from he ga d bp ^ 

inscription on the sea (pig g)< Rcad - 

towards the g3 / wa t c hmg, through the 

ings are made by figures on the scale 
slit, the divi ® 1D " 3 ed m ^galvanometer 

which are refleCt ar emade according 

mirror. The rw ^ g meler scale serves 

to the principle of the « 5 “” ^ ,hiCk ”' S8 

as a sight -vane). The accur * nrime ter glass). i- allows for the 

the thread pasted to the ga v eci \ y chosen th ^“^ fl0 P of a degree. A 

Thermocouple. A c + accuracy to 1/1 eMF of about 44 

determination of temperatures t lerred . It ■ »* u „ th e iemP' r, ‘ 

constantan-copper thermocouP ^ depe „ ds only be used (Kata- 

millivolts per 1-C, and tt , erI nocoupl« ■» 

ture (Jotfe. 1929). WcheUn PP „ 1M thermocouple and 

bukhov. 1935). , the connection bcween *h^t (i)isi)ltcri i „ the 

The general scheme of th 7 The first J einp le j, plac 

galvanometer is illustra s w bfi dete rroin • 

sample whose freezing P [nw.ii «i»c* “ 11 *« jr * £0,lr ** 

* Th* miner gjWwonfW ,bouU N ^ °° 



FIGURE 8 Dligr.m of thtrmorltewle 
cryccep* MiksUnov, 19I3> * 0| t 
Kcxhanchlkov, 1937) 

A-vcncl fer cilclum ddcrtde loluiioo 
(cryohydr.tr), B-vrnel to «h» , * m P U| 
1 -thrrroocouplej 2 -ttlrrrri 3-phtg, 
4-lid, 5 -coo ling mlxturei 6-lwuUtcr 



in the cryoscope tube. The second Joint (2) is placed in distilled water " ith 
th-i wtn^ce (m a thermos or Dewar flaskl. Each joint with its copper end is 
" with galvanometer contacts. With the differ ence in tempe^ture 

between the first and second joints, a difference in potentials is [° rmed ™ 
circuit. The galvanometer shows the corresponding deflection, the inagni 
tude of which is proportional to the difference in temperature betv/een the 
joints. 




nCURX 9. The me of a mirror galvanometer for thermoelectric eryoaeopy (after 
Kalabakhov, 1935), On the left il4e-*chem* of connection!, oo the right tide - 
galvanometer and icale 

1 -galvanometer; 2 -r<* Itch; 3 -therm oe, 4-copper wire, 5-Comtantan wire, 6- 
* 111 . 


The wire for the thermocouples should be as thin as possible (from 0.05 to 
0.1 mm). The ends of constantan and copper wires are fused or welded by tin. 
The jomt should be as short and thin aB possible (not more than 0.1 - 0.2mm 
in diameter). Under these conditions the highest accuracy is obtained. The 
joint should be sharpened and again covered with a thin layer of tin. The 
needle should be periodically coated with a thin layer of a solution of rubber 
inbenzene (to prevent corrosion by the various liquids tested - Maksimov, 1013). 

The ends of the thermocouple should be fitted in a glass tip (Fig. 10). Twc 
thin glaBB tubes are chosen so that one tube can be fitted into the other. The 
ends of the glass tubes should taper. The constantan wire passes through 
the capillary tip of the inner tube; the copper wire passes between the 
tubes. The thermojoint touches the capillary. The tubes are filled with 
paraffin. Wires protruding from the glass tip should be insulated and coated 
with rubber tubing. All wires should first be coated several times with an 
alcohol solution of shellac (for Insulation). 

A switch is placed between the thermocouple and the galvanometer, since 
It is necessary for switching the galvanometer on and off. In addition, with 
the aid of the switch one can work concurrently with several thermocouples, 
switching them alternately to the galvanometer. In selecting the type of the 
switch it is necessary to remember that no new sources of EMF should be 
created through contact between the various metals. Dickson's switch may 
be used (Fig. 11) This switch was recommended by Maksimov. It is con- 
venient in that only copper wires of the thermocouple are in contact. For 
preparation of this switch a wooden test tube holder or a peg maybe used. 
The Insulating plate is prepared from a piece of ebonite or coverglass. For 



an, other foreign mela. — b could 

create additional EMF. 



FIGURE 10. Tb«- 
moncefilc 
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Calibration should be checked periodically. The work of the thermocouple 
should be frequently checked by comparing the results obtained with the ther- 
mocouple and with the Beckmann thermometer (or an ordinary exact mercury 

thermometer). . « 

Determination of the freezing point is similar to that carried 
out by means of the Beckmann method, with the difference that instead of 
using the Beckmann thermometer, a thermocouple is used (put in the tube 
with the sample): 

Procedure: 

1) record galvanometer reading with open circuit. 

2) place control and measuring thermoneedles into distilled water with 
thawing crushed ice, and check whether closure of circuit causes any deflec- 
tion of the galvanometer needle 

3) pour the sample into the tube of the freezing-point apparatus, immerse 
thermoneedle and place the tube in the freezing-point apparatus. 

4) switch the galvanometer on 

5) set the stirrer in motion and watch temperature changes (by galvano- 
meter deflection). Record the reading corresponding to the freezing point. 

Precautions. Accurate work yields reliable and accurate results. To 
avoid gross errors the following precautions should be observed: 

1) temperature of terminals of each pair (of the switch and of galvanome- 
ter) should be identical Terminals are wrapped in a thick layer of 
cotton 

2) the position of the zero point of the galvanometer should be checked 
before and after the experiment. 

3) one must check whether a difference in temperature is present in two 
segments of one and the same wire, since this may cause an additional cur- 
rent. 

4) thick thermojoints should be avoided, since they increase the error. 

5) the work of the thermocouple should be checked by measuring the 
freezing point of nonelectrolyte solutions of known concentration, previously 
determined theoretically or by means of the Beckmann method (for example, 
the freezing point of an exactly 0.50 M solution of glucose). 

6) the thermocouple coefficient should be periodically checked (by control 
determinations). 

When all precautions are observed, this method permits the determination 
of the freezing point of 0.1 -0.15 ml samples with an accuracy to 0.02*0. 


TD.sn/rrpjc I4ETHSDS 

The principle of tensimetry is based on the ability of dissolved substances 
to lower the vapor density of the solution. Vapor density is the pressure of 
vapor in equilibrium with the solution. Van't Hoff has theoretically shown 
that lowering of vapor density caused by solution of substances is proportional 
to Its osmotic pressure. Lowering of vapor density by nonelectrolytes is 
proportional to the molar concentration of the solute. In the case of elec- 
trolytes, both molecular concentration and electrolytic dissociation play a 
nf ° f ^ Vapor dcttsity is proportional to the total number 

01 Pf rtIcles or the dissolved substance (molecules and ions) l.e. to the os- 
motic concentration. 
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The Barger (1924) - Rast (1928) tensimetric method for the determination 
of osmotic pressure of solutions is based on this principle. 

The Barger-Rast method is suitable for field studies offiehphys.olog^ 
since it does not call for complex equipment and the u3eofcooIer3 * * 
dition, determinations can be carried out with small samples. 


THE MODIFIED METHOD OF BARCER AND RAST (AFTER . 

The Barger-Rast method a. m^ted hT - ^Jabte for routine d.termt- 
nations of osmotic pressure of fis °° Wltha ' dr0 p of the sample and a 

.„!^;"°^^\el C oftao r reo„centrat,o„. Beth drops should be a. 


VESELOV) 


Principle. A capillary moe Bo th drops should be separa- 

drop of NaCl soluUon ° . “Tofthec°plllaryt»be are sealed, andtheeharge 
ted by anair bubble. Both etida of the capillary ^ me>ns of , micro- 
m length of the columns of both drop of the sample and 

meter. A series of capillary tubes spared. In the capil- 

one drop of NaCl solutions of ““ lunin3 (,he length of liquid columns 

lary tube with unchanged he.ght ofUquid^ \ j. jtion ia isotome with the 

should be measured for several days) the N NaCl concentration 

sample. This method enables cooshtutes about O.Satm. 

to 0.01 M, in terms of osmotic pre d from lov , melting glass with 

Capillaries. Capillaries P- p The length of the capillary tube 

the aid of bensine or alcoho 0 . 5lIu n. The capillary tube should 

is 7 - a cm, the inner diameter tube length A certain andn”'” 1 
be of identical diameter along the e l 1 „ i, even better to us 

training!, required to pre^t^^ Perra .o, (1927). since toey ha 

riven^dStoal diameter throughout. ^ ^ „ tube isflUed with 

Filling of caplll a r ‘ 8 6 „ {the height of the colomr ib 

NaCl solution of known conoeotnd „ , 0 prevent heating^ 

1 .5 cm). The capillary middle part of the capillary t»bel ^ ^ 

tion. With similar prec au raD idly filled with a) the samp another 

ed. and the second end I to w“*“ (bQ , ehl of air column 3 
sample column of ‘tt"* 1 *' “T^eec^ “ d " ,h ' 

column of sodium chl °” . . ot less than 1 cm). 

height of this column should b Bam ple and NaCl 

“CffiCTSi -^‘^.“ertos'o-api.Unee should be pre- 
solutions of varying concent cov erglasses with pUstlcine. 

pared in duplicates. ri „ ar e pasted to o^ 8 „ pl , ur y the 

0 the 

Si 

alr'bubblescparatlngttnC 1 solution from m 
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membrane. In the capillary in which no changes in thelcn^hofthc liquid 
columns were detected, the sample Is isotonic to the NaCl solution. 


FIGURE 12. Tenilmeolc det«rmlnitloo 
Welled cnUluy tvbc with iltereatlnj columns of the 
simple andNaCl soluMcnj 2-weetwemenU of the length 
of tb* column of the sample (by ml esc* cope). 


Final equilibrium, after which no changes in the length of columns are 
observed, is usually attained after 13-15 days. One does not have to wait 
13-15 days; the second determination may be made 24 hours after beginning 
of the experiment. At this time the tendency of the sample column to length- 
en or shorten is well pronounced. 

Checking. Experiments to determine the optimal conditions for this 
method, sb far as the accuracy and sensitivity are concerned (the experi- 
ments were conducted with blood plasma and sodium chloride solutions), 
showed that: 

1) the length of the columns of sodium chloride solution and that of the 
sample should be about 1.5 - 2.0 mm. 

2) the distance between the columns should not be less that 3-4 mm, other- 
wise both columns may merge. 

3) the optimal inner diameter of the capillary tubes Is about 0.03 mm. 

4) at maximal differences in the concentration between plasma and NaCI, 
equilibrium may be attained in the course of 10 - 15 days. 

5) by means of the tensimetric method one is able to detect differences 
between the control solution and the sample up to 0.0062 M, in practice it 
suffices that each control solution should differ from the next one by 0.0125 M. 

In experiments with blood of fresh-water fish, 6-7 concentrations of NaCl 
are usually used (from 0.07 M to 0.15 M). Since the experiments are carried 
out in duplicates, 14 capillary tubes are required for each determination. 

Each determination takes 35 - 40 min. 

The following possible sources of error should be eliminated beforehand; 

1) uneven inner diameter of capillary tubes; 2) inaccurate filling of capil- 
laries (especially careless heating) which may lead to a change fn concentra- 
tion of the control solution and the sample. 

YaBtrebov's modification. One of the drawbacks of the Barger - 
Hast method which detracts from its accuracy, is the invariable partial 
mixing of the control with the sample, owing to the fact that both liquids are 
introduced into the capillary tube through one and the same end. To 
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of sample through the other end, i. e. y purpose on the cent- 

of the sample and one of the standar ® side -arm is formed by means 

ral Part ot «“ .'f “ ZggSEZZ capillary tub. u fixed 
of a microheater (Fig. 13). For p holder) with the aid of two pieces 

In a frame (the anther constructed a small holdeH w ^ [iUulg 

of porcelain or glass tubing an *0P theBide-arm. The air bubble separa- 
of the capillary, air comes out through the side ^ ^ ^ A fter the 

ting the sample from the control tqu solution, all three open- 

capillary tube is filled With the * C ,‘ nd the c .p.lUry tube Is 

lngs of the capillary arc sealed ! by "““"^procedures are similar to .hose 

ot d '* crmlM,, ° n! laccori “ g ,0 
Yastrebov) is up to 10 M NaCl _ 
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DETERMINATION Of OSMOTIC RESISTANCE OF ERYTHROCYTES 
(FRAGILITY TEST) 

The resistance of erythrocytes to hypotonic solutions differs in different 
fish species. It may also change under the influence of various internal and 
external factors, especially during more difficult life conditions or additional 
factors such as infectious and parasitic diseases. Hence studies on osmotic 
resistance of erythrocytes as one criterion for characterization of the physio- 
logical state of the fish is of great interest. 

Principle. When erythrocytes are placed in a hypotonic medium (dis- 
tilled water or hypotonic sodium chloride solution), hemolysis takes place. 
Under the influence of osmotic forces erythrocytes swell, their membranes 
disrupt, and the blood is laked. The osmotic resistance of erythrocytes is 
expressedby the lowest concentration of NaC l which does not cause hemolysis. 

procedure. Twelve test tubes are filled with 2.5 mi of chemically 
pure NaCl solutions of varying concentrations. The usual range of con- 
centrations is from 0.30 to 0 74% NaCl (for an example, see the following 
table): 



Ccecentratlcn, St 

Tei* tube, number 

Concentration, * 

Bp 


7 

0.54 


/[.'IB 

8 

0 88 



9 

0.62 



10 

0 66 


■ 

11 

0.70 


■HEESpSI!! 

12 

0.74 


The solutions are prepared by diluting an exact 10% solution of NaCl in 
distilled water. For example, to obtain 0.30% solution a 100 ml volumetric 
flask Bhould be filled with 3.0 ml of the 10% NaCl solution and the volume is 
made up with distilled water. When the test tubes are filled with NaCl solu- 
tions of varying concentration, 0.05ml of blood are added to each test tube 
with a micropipet. The mixture is shaken and left for one hour. Hemolysis 
is determined by comparing the test tubes. 

Maximal osmotic resistance of the erythrocytes is expressed by the maxi- 
mal NaCl concentration in the presence of which a small part of blood remain- 
ed nonhemolytic, while in all test tubes to the left a complete hemolysis has 
taken place. On the right hand side of the series, a test tube with first traces 
of hemolysis is noted, while to the right of this test tube no hemolysis has 
occurred. The concentration of the solution in this test tube shows minimal 
osmotic resistance of erythrocytes. 


METHODS or STUDY Of THE FUNCTION OF 50ME OSMOR EC ULATOR Y 
ORGANS 

Osmoregulatory proM.sc, consist or at least two elements: regulation of 
°' ,hc trfEattlsm, and regulation of the mineral composition of 
lsml wl^h thr^r; T, C " >’ roc " s ' s »re accomplished in aquatic organ- 
Participation of numerous organs: sldn, respiratory organs 
(branehlostegal apparatus) excretory organs, and digestive tract! 7 

• o u ut.k-i.4 } 
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Methods for collection of urine and quantitative estimation of ^nalfnnc- 
tion are dealt with in the next chapter by A.G. Ginetsinski, 

M.G. Zaks, Yu. V Natochin and M. M Sokolova. 

DETERMINATION OF CHEORKI IN 1« UMNE « THE METHOD OE VOICAR 

Principle. Urinal chlondes .re 

a standard titrated solution of silver n ra e titrated with potassium 

The sample is filtered off and ailveridtram eseessis dxlde a a 

thiocyanate or ammonium thiocyanate In the presence 

indicator . following reagents are neces- 

Reagents. For chloride dc *"”S‘' i °” ^. N o 3 in 1000 ml of distilled 
sary: 1) silver mtrate solution: 20.075g ' A / f 3 KCNS lOOOm! of dlstil- 

water. 2) potassium thiocyanate solution „ 8at „ rat ed solution of NH4Fe(SOt)2- 
led water, 3) chloride-free nitric acM. * loomt volumetric flask. 

Procedure -1) P‘P" 10 ot “ 3 ! add (from buret) 20.0 ml of A g N0 3 

2) odd (with pipet) 4.0 ml of nitric acid, e solution through a dry 

solution 4) add water to the lOOnsl. 5) ffl er the . ^ beaker 

filter paper Into a beaker. «««**“£ appearance - . "drttorU 


solution, aQ o nf»r somloftheimran: 

filter paper into a beaker. 6) transf er appear ance of a red color (u ml 

and titrate with potassium thtocyanate U P MluU0 „ Mo Mrthsrdry 

of thiocyanate), 7) pour 10.0m 1 of e lb r« : » ■ NH Fe (S0 4 ) 2 . 80ml of distilled 

beaker Sd add 5.0 ml of mtrtcac^S.O mt 4, ^ thl ocyana,e). 

water, and titrate with potassium thlocyan 

Rea ° tl0 “ : AgN03 TN,Cl.AgClT N aN0 3 . 

AeN0 3 + KCNS * AgCflS + KNO3. 

Calculations! Stnce , ml of thtocyanst. corr ,10*2. t. 

2a ml are equivalent to ^^^^j^setTup flir the P re f^^^Qf 0 

equal ,0 the amount of ^ E ° ,U “° n 

chlorides from the 10 m B -jaCl. hence: 

ABNO3 precipitates 0.01 g of NaCl. 

(20 .i5i)XOOl'O.ZX x 

Multiplying ,e reBU J. d ° bt q 3d 3 < *imnbe'dlrect^^ 3cd ^^ 0 ^”' e *^* 1 ^ 1 * 

(in percent) is calculated. 

the formula _ J2- . 


It Is enough to determine 
with the given reagents. 
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METHODS OF STUDY OF OSMOREGULATING SYSTEMS IN FISH 


A.G. Ginetsmskii, V.F. Vasil'eva, M.G. Zaks, Yu V. Natochin and 
M.M. Sokolova 

(Laboratory of Evolution of fctcrrtory Procene. latitat* of Evolutionary Pbyilology (» Sachenov of the 
Academy of Scitneet of the USSR) 


The assessment of function of the main organs of regulation of water-salt 
balance (kidneys, gills) as well as the determination of total concentration of 
osmotically active substances in blood is of great interest in studies on os- 
motic regulation in fish. The primary role of the kidneys, especially in fresh- 
water lish, consists in excretion of water excess, while the excretion, of met- 
abolic wastes is of secondary importance. In contrast to mammals, kidneys 
of fresh-water fish function as an organ concerned with maximal preserva- 
tion of sodium salts and not with their excretion. The real osmotic regula- 
tion is extrarenal For this purpose special cells are present in the gills, 
and sometimes in other parts of the body surface, which excrete sodium or 
take up sodium from the external medium In sodium deficiency. 

Assay of renal function is done by methods which allow for quantitative 
analysis of diuresis, glomerular filtration, and active excretion As to the 
gills, there are certain methods for assaying the functional state of the struc- 
tures involved in sodium transport. 

It is not our task to give here a comprehensive review and description of 
all the methods used in studies on osmotic regulation in fish. We only wish 
to share our experience in this field, and to describe the methods used by us 
in the form in which they are used in practice. 


DETERMINATION CF OSMOLAR CONCENTRATION OF EJO LOGICAL FLUIDS AND MEDIA WITH THE 
AID CF CPYOSCOPY 

It is known that the freezing point of any solution is lower than that of the 
pure solvent. The difference in temperature between the two freezing points 
(or depression A*) allows one to determine the total molecular and ionic con- 
centration of the dissolved substances. 

For determination of the freezing point, an apparatus provided with a re- 
sistance thermometer (thermistor), serving in the capacity of one of the 
shoulders and switched into the scheme of an ordinary electric bridge, is 
very convenient. Into one diagonal of the bridge a galvanometer is connected, 
and a current source into the other (Fig. 1). The bridge is balanced at 


1RR 



0°C. Changes in temperature in either direction cause changes in the re- 
sistance of the thermistor, disturbing the equilibrium of the bridge, a phe- 
nomenon which forms the prmcfple of the method. 

Thermistors of the MT-54 type with a resistance of 4000 -7000 ohms at 
0*C are used. Such thermistors are produced by 
the Institute of Agrophysics In Leningrad. Twothfn 
wires enclosed in a short glass lube are welded to 
a very small spherical semiconductor Their ends 
protrude outside for connection ' 

oulated wires which serve for switching them Into 
the scheme. The entire construction is enclosed in 
Plexiglas (non-metal! lease, so that only the semi - 
conductor remains outside and all t e remain^ 

conducting material temperature co- 

constructed hasanertrem lljru* ^ umperatOT e 

cause^marked changes in the resistance of the then 

ters. Under field conditions P certaIn pur . 
galvanometer is very convenim lIye than 

poses, galvanometers wWeb „ Iler accuracy 

mirror galvanometers ( 4? an alternate shunt 

of determinations) may be used. iL* for alteration of the^en- 

is connected paraUel to the g ® w h ghoU id be lowered in stu e *» division 
sitivity of the galvanometer whi tonge d, the value of each ai 
trated solutions. When the ‘ therefore be carrie 
is altered. Preliminary e, tP' b division with each of lhe ‘ “ rce 0 f power, 
termine the value of eacl ; accumlI latoro 6 '"' 0 ‘ Pjtte ries is determined 



FI CU RE 1 Diagram of tl«C- 
tric bridge with refinance 
thermometer (Rt) 

Rj and R2-con«tant refliton 
Rj- variable refinance R4- 
lhunt| I-galvanometer, 2- 

bitteryj 3-key 


Under laboratory conditions £ 


unaer iaDuratu» j w-- — -re used Voltage of '. ba » matTbe used for 

in field conditions dry elemen v rious decimal br f dg *7 dge we re chosen, 
by the properties of the b ®' t ' ory the shoulders of the b^ t ^ (hp aKe rna- 
measurements. In our lab 7 hou iders should b therm istor. For 

so that the ratio between < =° nsl “ Mtie r than lhJ * ° f „ tb B bridge is used, 
ting resistance should be . the universal Ub BS and the ratio 

the portable M-91-A f ^Tdisconnected m 4000 

the proper galvanometer bridge ^ , herm i 8 ,or's rertsm 
between the shoulders is 1. h aS little as 

ohms. Such a bridge may be fed wi J 
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The freezing point is determined in a special glass vessel with a double 
bottom (Fig 3), this form of vessel precludes the possibility of too rapid 
freezing of the sample. The vessel is cooled in a 200 -500 ml glass jar, 
filled with cooling mixture (ice with salt) in such proportion that the tempera- 
ture of the mixture should range between -5 and -7°C. If the jar is placed 
in a jacket with asbestos Insulation, one charge with cooling mixture suffices 
for 10-15 determinations carried out in duplicates. The jar should be cov- 
ered with a metal lid provided with a round hole for fixing the vessel. The 
lid is also provided with a tripod and clamp for fixing the thermistor (Fig, 4) 
in working position. If ice is not available, ether may be used instead. To 
cool the vessel the latter is wrapped in a layer of cotton wool and gauze soak- 
ing in ether. 

Ether evaporates and cools the vessel. The rate of evaporation may be 
accelerated by blowing air on the vessel. The use of ether for temperatures 
below 15-16°C is impractical. 

The first stage of the work consists in balancing the bridge at O a C. Equi- 
librium will be attained when the product of resistances of the opposite shoul- 
ders are equal. 

hence R^ » Rg-^- 

**3 R2 R2 

Since the values of Rj, Eg and Rg are known, the value Rt, i. e. resistance 
of thermistor at 0*C, may be calculated. 



FI CURE 3 Vend lot 
free? log 

1 -double bottom 



FIGURE 4 General 
view of apparatu? for 
fr*erljjg [(ample?] 


is 


In practice this is done as follows, 
roughly determined by immersing it 


First the resistance of the thermistor 
in distilled water precooled to 0®C. 


For this purpose the jar is tilled with thawing lee (not with cooling nurture), 
and the vessel is tilled with one or two drops ot distilled water in which the 
Cf the thermistor is immersed. This should be done c.reMl, « ■ « 

to damage its working part. The thermis ^/therSistor is pC”.d so that 

Through changing alternating resistance the thermistor is P p 

the galvanometer needle should shew no passage J the 

ot the apparatus is finally d nroximatelytothat ot the thermistor Rt. 

alternating shoulder R 3 Is adjusted app J r JS placcd tea cooling mU- 

The vessel with distilled water and the t det ] e cted towards the''wann 

ture. At first the pointer of the galvanomete move towards 

side (Fig. 5). With decreasing temperatureotthewat.ru, ^ ^ ^ 

zero, and on supercoolmg. it will mov external surface ot the Jar 

moment a Bmall crystal of ice scrape wa ter by means of a thin 

filled with cooling multure Is of the supercooled water - the 

glass rod.. This 6 ra P Id corresponding to the freeaM 

pointer will move back and will s op a * .P * n (he scale „ m correspond to 
point of the distilled water. i.e. the Tea t tnmnt> the alternating resist 

0“C. If the galvanometer shows a pas S pointer set at the zero of the 

anee R " should be changed mid the “ „ repeated three: Te 

scale. I.e. the bridge is belanced The determ (hJa „ le( , unchanged. The 
and the average value of R3 i 6 e 
apparatus is then ready for use. 
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The solution freezes. Owing to evolution of latent heat of thawing, the 
pointer will move towards the "warm" side and will stop indicating the ter- 
mination of this process. Scale readings are converted into degrees centi- 
grade in the following way. 

If freezing of a 1 % solution of sodium chloride causes a deflection of the 
galvanometer by h divisions from the zero point, then each division is equal 

- 0.60 ... . 
to h degrees Centigrade. Determinations with standard solutions should 
be repeated several times, and the average value is taken. Each determina- 
tion of the unknown sample should be followed by checking the graduation 
scale with the aid of \ % solution of NaCl as described above (to prevent the 
possibility of chance alterations in electric characteristics of the circuit). 

For determination of the osmolar concentration of samples, the same pro- 
cedure is carried out. The freezing point (A*) ib calculated by multiplying 
the reading of the scale by - °«60 (f ac tor - degree/scale division). Each de- 
termination should be carried out in triplicate, the average value is taken. 
The final result is expressed in milliosmoles, i.e. units of concentration of 
osmotically active substances equivalent to 0.001 M solution of nonelectrolyte. 
To translate the value characterizing A* into milliosmoles, the freezing point 


in degrees should be multiplied by the coefficient i. e. by 537. 

1.86 


Determination of the freezing point with the aid of a thermistor has a number 
of advantages over the Beckmann method and its modifications, and also over 
the methods making use of thermocouples. The small weight of the working 
part of the thermistor and the insignificant heat inertia allows for determina- 
tion of freezing points with an accuracy to 0.015 - 0.003°C, using 0.03 - 0.05ml 
samples. Each determination takes 3-4 minutes. The productivity and con- 
venience of this method are such as to make all previous methods obsolete 
and impractical. 

Obtaining of blood. The simplest method is as follows* The fish is 
held vertically. The caudal peduncle is severed obliquely at its base, and 
blood dripping from the cut is collected in a test tube. 

Urine collection. Depending on the aim of the study, urine from 
free-swimming fish may be collected by various methods. The simplest (not 
requiring special equipment) is that based on the use of the volume capacity 
of the urinary bladder of the fish itself. The fish is taken out of water and 


urine present in the urinary bladder of the fish is squeezed by gentle massaging 
of its abdomen. The external urogenital opening is then sewn with a purse- 
string or cross-like suture, and the fish is returned to the aquarium. From 
this moment urine is collected. The time needed for urine collection depends 
on the size of the individual fish, fish species and experimental conditions. 

In fresh-water fish under natural conditions the diuresis is 0.3 - 0.4 ml per 
100 g body weight per hour. In such cases the urine should be collected after 
1.5 -2 hours, in the case of marine fish whose diuresis is smaller, amount - 
ng . °. * m \ ot urine per 100 g body weight per hour, urine should be col- 

lected after 4 - 5 hours and sometimes more. After this time the fish is 
taken out of the water, its abdomen is incised, and urine is collected by means 
of a syringe or through a cut made on the apex of the urinary bladder. 
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This method permits the use ' f30m 0M and the same specl- 

ditions call for a repeated collection of u f™ ^ Su(;h bnlbs , re pre . 
men, thin catheters ending in small bulb . chunde tubes ot suitable 

pared from thin rubber and polyethylene or polyviny 

diameter. . -vnenment urine in the urinary ** 

Ae in the first case, prior to the *• £ tal opening with the c«the<« 

should be removed and the edges of ,he ur0 r g ™ strI „ 8 suture. Before intro- 
ms.de should be tightened by m« ha ot a purse ^ ^ ^ .houtdbe 
ductng the catheter, the P 03 '** 0 " e3 the utter may be d ‘r' cted ' not 
ascertained, in the d i If '"nt ‘ J shou td not be pushed too far. 

The bulb may be preparedin ^ purpose lh e ealheter is conn 
without removing the catnete . cannula 


The bulb may be prepared “ ” r ttas purpose the ealheter 

without removing the catnete . the cannula 

with the sac by means of a ureter opens Into the ' (where a 

In the case of rays - whm :h the 1^ ^ Mll „ of th •«£” 8h00ld 
with the rubber bulb should be , In this cas ' Mre, resembling 

pocket-like fold is P«.«« ■ “ ^“tenuig me purse-strings-ure. 

consist of a tube with edges fo ,„c development or 

a small gastric fistula. „ 15 necessary to foUo ^ , or . spe- 

Finally, in some cas ,, t ed continuously. This lsfltle dwlth a stoppe 
diuresin. urine may be cd , ts floor. The °£c e t| in the urogenital opm 

cial aquarium with an opening catheter P UC V h t„ Its turn, Is ctm 

through which a tube is insertej » tub. »W=h > , twOT gh me 

tag of the fish is trough the a'W er - , oT.ome other mcssurls* 

nected with the tube pas g d lnlo a mice P P u3r ,um. Tb c en ^ f Ih c 
catheter and the various tube me ^"be aq"r‘- 

large fish weighing St leas' 
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QUANTITATIVE ASSAY OF RENAL FUNCTION 

Methods for quantitative assay of renal function are based on the corres- 
ponding analyses of blood and urine. To determine renal function in fish the 
same tests used in warmblooded animals are employed. Inulin is injected 
when the extent of filtration and reabsorption is to be determined. Paraammo- 
hippuric acid and diodrast are administered if secretory activity or renal 
blood circulation are to be determined. These compounds are injected in- 
tramuscularly 1.5-2 hours before the experiment; Doses per 100 g body 
weight: inulin, 50 mg; paraamino -hippuric acid — 0.03 ral of 20% solution; 
diodrast, 0 02 ml of 35 % solution. For determination of the excretory func- 
tion of the renal tubuli, the dose of paraamino-hippuric acid and that of dio- 
drast should be increased 10 to 15-fold. For the theoretical basis of these 
teBts, see the work of Ginetsinskii* which also contains references on the 
biochemical methods for determination of various substances in the urine. 

For quantitative tests, blood is first collected and then the abdominal cav- 
ity is opened and the amount of urine determined. 


STORING SAMPLES 1>J AMPOULES 


Various biological fluids and media (blood, urine, water from natural wa- 
ter reservoirs or experimental medial) may be stored in ampoules 
until analyzed. This is done when the analysis must be done in special, well- 
equipped laboratories (for example, analyses by means of flame photometry)* 
Normally 3.0to 20.0 ml ampoules are used. The ampoules should be washed in 
the same way as all chemical glassware (treatment with chromate mixture, 
rinsing in tap water and distilled water, and drying in desiccator). 

The ampoule 1 b filled with the sample to not more than ^ ol its volume, 
and sealed. The sample is introduced into the ampoule by means of a 
Pasteur pipet. Small ampoules from low-melting glass may be sealed over 
the flame of an ordinary alcohol burner, those prepared from high melting 
glass require a hotter flame. After sotne training one can learn to seal such 
ampoules on the flame of a primus-stove. 

Sealed ampoules are wrapped in gauze and boiled in a sterilizer for one 
hour. If many ampoules are sterilized together, they must be marked. For 
this purpose numbered aluminum rings placed on the necks of the ampoules 
may be used. 


After sterilization the ampoules are marked by labelling them. The in- 
scription on the label may be done with a simple pencil. 

Preservation of liquids with high protein content which coagulates during 
sterilisation presents certain difficulties. However, if the sample is to be 
analyzed for Ionic content by means of flame photometry, it can first be cen- 
trifuged, the coagulated protein discarded, and the supernatant fluid exam- 


STUDIES ON cm. CELLS INVOLVE*) IN SODIUM TRANSPORTATION 

r’ th ' f “ nctio " al “bite of the system involved in sodium 
transportation. Case-Wilmer cells should be studied. These cells are usually 

• -Phyrlolojlcil MrtiaxJ, in Cliaical Pnctlc.- p. 139. 1959. 
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located at the base of the branchios.eg.l leaves „ „ r 

a small 

taken. The material is .mmedtate 1 , plaeedlh gUclal ace tlc 

aqueous solution of picric act . ■ p; xa tion should last from 2 to 

acid, 1 ml. mix immediately before nation does no dam- 
24 hours, depending on the ““ 'transferred into 70% ethanol 

age to the tissue After fixation the tissue ^ ratlon ls embedded In 
which should be changed two-three During embedding, the plane of 
paraffin by the usual histotogicrf <* *' >«'• “ P °’ 
the slice should be perpendicular S results, 

sible. Staining with hematoxylm-eosin yield 
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Succinic dehydrogenase is one of the enzymes of the Krebs cycle which 
nlavs an important role In aerobic oxidation of carbohydrates. The function 
of succinic dehydrogenase involves the oxidation of succinic acid by removal 
of two hydrogens, and its conversion Into fumaric acid. 

COOH COOH 


CK 2 -2H 

CH 2 

COOH succinic 

succinic acid dehydrogenase 


Cli 

I 


COOH 

fumaric acid 


Assay of succinic dehydrogenase. To the medium containing the gills, 
an electron acceptor is added (for example various tetrazolium compounds) 
•which is reduced by hydrogens removed from succinic acid by succinic de- 
hydrogenase. Tetrazolium is a colorless water-soluble compound which in the 
reduced state (formazan), becomes colored and water insoluble. 

Tetrazolium salts are reduced at various sites of the electron transport 
chain of succinoxidase, and this reaction characterizes not only the activity 
of succinic dehydrogenase, but also the functional state of the entire succi- 
noxidase system, 

The histochemical reaction carried out by the method of Shelton and 
Schneider yields good results in total preparations of branchiostegal threads 
without preliminary preparation of frozen slices in a microtome. To prevent 
movements of the fish, the spinal cord is sectioned and the gill arch is quickly 
excised. The arch should be excised carefully so as not to damage the branch- 
iostegal leaves It is immediately transferred into a thermostat with the in- 
cubation reaction mixture. For the experiments, small fish weighing to 100 
g should be chosen, if possible. The histochemical reaction reveals that all 
cell structures possess a considerable succinic dehydrogenase activity. 

The incubation mixture contains equal volumes of the following solutions 
0.1 M phosphate buffer, pH 7 5, 0.1 % neotetrazolium dissolved in boiled dis- 
tilled water, 0.1 M sodium succinate and boiled distilled water For the 
preparation of 0.1 M phosphate buffer, 16 ml of 0 1 M monosodium phosphate 
(Nal^PC^. 2^0) are mixed with 84 ml of 0.1 M disodium phosphate 
(^ a 2^P04 , I2H2O). 0,1 M solution of sodium succinate may be prepared 
from sodium succinate or from a commercial preparation of succinic acid 
which must be neutralized with sodium bicarbonate. For this purpose, 1.18 g 
of succinic acid (molecular weight 118) are dissolved in 100 ml of distilled 
water, and NaIIC03 Is slowly added to a pH 7,0. It must be mentioned that 
clear-cut results are obtained only when freshly prepared solutions are used 
and the pH of the buffer is carefully adjusted, pH may be determined with 
the aid of pH indicators. Succinic acid solution should be freshly prepared 
each v/eek and stored In a refrigerator. Buffer solution may be prepared 
once in 10— 12 days. 

The histochemical reaction should be carried out in a thermostat at 37° C 
under anaerobic conditions. 1,5 -2.5 ml containers or dishes with a ground 
upper edge are filled with the incubation mixture, the tissue is placed in the 
mixture, and the vessel is covered with a lid Hence the reaction proceeds 
without air access. 
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DETERMINATION OF FREEZING POINT OF BLOOD SERUM BY 
MEANS OF A MICROELECTROTHERMOMETER 


T. I. Privol'nev 

(State Institute for Lake and River Fishery Research) 


The osmotic pressure of any solution is determined by the concentration 
of molecules and ions of dissolved substances. Blood plasma of bony fish 
contains 2.5 to 7.0% of proteins and 1.2 to 1.8% of various salts. In spite of 
the high protein content, the osmotic pressure of blood plasma depends 
mainly on its salt content. Separation of plasma proteins from blood plasma 
affects its osmotic pressure only little. This is explained by the high molec- 
ular weight of proteins as compared to that of inorganic salts, which causes 
the amount of protein molecules in blood plasma to be negligible as compared 
to that of inorganic salts. Osmotic pressure is determined by the number 
of molecules in the solution and their dissociation The higher the dissocia- 
tion the higher the osmotic pressure. Changes in osmotic pressure of fish 
blood plasma is due mainly to changes in plasma salt concentration. 

The osmotic pressure may be determined from the freezing point of the 
solution The cryoscopy method is used for determination of the freezing 
point. Freezing point of pure water is at 0*C. If water contains dissolved 
substances, its freezing point will be lowered. Lowering of the freezing 
P ° m ;" re , latl0n ° f pure water is called depression and is denoted byA. 

Methods available for determination of the freezing point of plasma are 
1“ t 5f ma i° rit y of cases subjective This greatly reduces 
frf* and tt handica P 8 the studies on osmotic pressure and osmotic 
h!Si “ “ aquatic animals. The laboratory of fish physiology of GosNIORKh 
electrothermmnAf 11 !* 8 tt! 68 ° n ^ ° f fisb blood Plasma by means of a micro- 
instrument desifvnpH f “J croelectrottl *rmometer is a portable electrical 
val from -2 5 to^O 5 °c ” Th** “ easurements of temperature within an inter- 
tVT J to °; 5 t C * The thermometer transducer is a point -contact 

f ose resi8ianccs w “ h 

bridge Tn nn? nvm . j 1 ®* 11 6 ^° ws a four-arm constant -current 

pint's in theothe^ “'fridge transducer I»rD,s connected, the con- 

and Er ‘ d ^ 6 - . is varted 

sistor R is used to provWe Lf P ranges. The variable re- 

the 123 divisions oMhe scale The bef0re “easurement over 

light battery located at the bottom lB 8upplled b y a 4 - 5 volt flash_ 

of the scale is 3'C and P ach m 1 f th ® 11181011116111 case. The entire range 

ing. A half division. 0.012\ may be determbied P ossible read_ 

. may be determined visually. The scale has 


been developed In the laboratory oI SlentS’toSs ot the 

microelectrometer has Physicians i». S M Kirov 
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FIGURE 2 Genera! view of microeltctrothermojntter 


To produce low temperatures, a mixture consisting of snow or crushed 
Ice and salt Is used (one part of salt and three parts of Ice). The lce-sait 
mixture Is placed In a 1000 or 500 ml jar covered with a metallic, painted 
lid (Fig 2) with a hole in the center for the test tube containing the plasma 
sample (Fig. 4). Double walls of the test tube ensure a greater inertia In 
changes of plasma temperature. With the aid of a capillary pipet, one or 
two drops of plasma are discharged into the tube (Fig. 4). The test tube is 
placed in the cooling mixture and the working part of the microthermometer 
is immersed in plasma. The switch on the right side is set on the position 
"temperature' 1 . 

With cooling of the plasma in the test tube, the Beale pointer of the ther- 
mometer commences to move towards the left. The plasma becomes super- 
cooled and the pointer, moving to the left, Indicates the temperature of the 
supercooled plasma An ice crystal is then taken from the wall of the Jar 
with the cooling mixture and is placed by means of a thin rod into the test 
tube with plasma. The pointer commences to move rapidly towards the right 
and stops at the temperature which is the freezing point of the plasma. De- 
terminations are usually carried out in triplicate, and the arithmetic mean 



is calculated. To obtain pure plasma, the blood sample is centrifuged or 
left to separate in small test tubes. 
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The new method of determination of the freezing point of plasma with 
the aid of the microthermometer saves time and work, and yields almost 
accurate and objective results Serial production of this apparatus will 
facilitate the rapid accumulation of data on osmotic regulation and salt me- 
tabolism in animals 
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METHODS OF STIMULATION 


OF OVULATION IN FISH 


N.V. Puchkov 


(Inttltute 


of FrIUtrta. Ac*d«my o! Medical Scudc.. 


of the USSR) 


In fish, as in higher vertebrates, "'““"“‘S^Lone. 0 Under the in- 
Biderably stimulated by hypophyseal e“" ad ° l " P 0 ‘ Btinlu lated Admmist™h™ 
fluence of this hormone ovulation , t; on outside the spawning p 

of gonadotropic hormone bring- . •** ' produced only when the 

however e^P8 capable of normal de ^ 

ilsh gonids fre in the IVth stage of m^“ rat 0 ' M dotropl= hnmeneo! 

It was shown by N. h. Gerb.l'sW "tattte^ ^ sure of results .one mu 
hypophysis is specific to fish fam * close iy related f lsh ^ {fer8> de* 
use hormones obtained from the rrnone offifih hypophy® 1 hormone 
The activity of the gonadotropic ^ T ^ nl&Uon of ovulaUon. To 

pending on the season of the ye . F mng season e £ fjsh 

obtained in winter or during ' h fia rv to administer a in an active 

stimulate ovulation it is necess . tre ated for P rolo ° ge .‘ge. which are 
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other 6-8 hours. The hypop y pare d in this way ® * e3 the gonadotrop 
on a filter paper. Hypophyses^ p £ tone -treated hyp°P # 

pered bottles or test tubes. Reve ral years- _ o0 hyses are 
hormone may remain actlve . ° _ aC etone*treated hyp . P 6a iine (0 G5 ^° 

To induce^ ovulation, f-shoraceto ^ & __ 1<0 mU of^ the fis h aP^ 
porcelain mortar with a j ected in to the , baC * ^middle thirds of ^ ln 
The suspension obtained is 1 th anterior fish. I® fi ® . 20-5° 

proximately a. the border between ^ 

body, 1 - 2 hypophyses ara hle for spawning. ovulation <» 

water with a temperature pW ,esl '** non. , , or cblalnM 

hours after administration fish ir. q B are used 

through repeated exammatienu » I ,h ' nthe same d»» e ' F „r 

Similar injections ot hypoPWJ" ^.pawning 
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Among the essential drawbacks of this method is the additional stimulation 
caused by the thread itself, which tends to distort the picture of motor acti 
vity of the fish, at least during the first days of the experiment. In addition, 
not all movements are recorded, but mainly circular movements, which 
cause the end of the thread to become entangled, so that the recorder 
deviate away from the drum. A method free of these drawbacks was pro- 
posed by Jones (1955). Water fluctuations appearing during motion of the 
fish are conveyed to a light ebonite plate placed m the water (Fig. 2). Even 
a Blight shift of the plate causes closure of the electric circuit. Each cir- 
cuit closure represented one movement, and was registered on a kymograp 
or on a counter. The possibility of quantitative recording of movements o 
free-swimming fish enabled us to use this method for determination of the 
threshold of light perception (Woodhead, 1956). This method can thus be 
used for studies on motor activity in general and for studies on movements 
caused by some stimulants, i.e. it can be used for studies on receptor func- 
tions*. 
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FIGURE 2 Apparatus for reglitratlon of mefter 
activity In fish 

1- aquarium, 2* ebonite plate, 3- electric 
switch 


REACTIONS CF FISH TO ELECTRIC LIGHT 

by Sc C hemta 3 W r (', 9 ? G i n V"? 3 d,rect cu '™ t has been studied in detail 
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• Fw U» ct C rf „„ .CM* l,c be lev, pp, 27.-276 



mentioned above, the most interesting is the stage of galvanotaxis which 
may cause the directed movement of a large number of fish at one and the 
same time. It is true that fishing on a large scale with the aid of electric 
current is not yet practicable (Chermgin, 1956), since it calls for a large 
expenditure of electric energy. Further studies on the mechanism of 6 
vanotaxis appearing under the influence of currents of various form an 
duration may eventually result in a practicable method of fishing with the 
aid of electric current. 



FICURE 3. Appailtw 0B th * '****“" ° 

electric current 

1- electrode, 2- voltmeter; 3- ** 
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EXPERIMENTAL METHODS OF STUDY OF FISH BEHAVIOR 
L.G Voronin and Yu. A. Kholodov 

(Motcow Stat« University Ira. M V. Lomoaosov) 

Thanks to technical achievements the underwater world hitherto hidden 
from the human eye became accessible to direct observations. The use of 
sounding devices, aqualungs, underwater television and otner similar meth- 
ods has enabled scientists to study the behavior of fish in their natural en- 
vironment, However, for the detailed analysis of physiological mechanisms 
of fish behavior it is often necessary to study their behavior under experi- 
mental conditions which allow for an accurate dosage and control of factors 
affecting fish behavior and registration of the reactions offish to these factors. 
Under natural conditions this is impossible. This chapter is devoted to the 
description of such experimental methods. 

Under the term “behavior" physiologists include both the unconditioned, 
inborn reactions of animals to external and internal stimuli, and the condi- 
tioned reactions acquired during Hie. Both reactions are closely Interwoven. 
There are na pure inborn and pure acquired reactions. For certain purposes 
Smllheh 7 ““ be /'" di ! d se P aratel y- Hence the methods lor study of 

S”, e r r^ dmd ' dfat ° ta: a) m '‘h°ds of study of unconditioned 

S cnidftwi I r, conip°oent of fish behavior and b) methods of study 

of cond. U<me d renexes. t.e. the acqutred component of behavior. The first 

of m^dv of the tT r,p ‘“ n ° ! 11 "^dlng <5 motor .ctmST h methods 
oMhe react?™ of fmh t ° to electric 3) mrthods of study 
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of electrodes inaerteri r r ous segments of thenervous system bymeans 
spreS the reason' for ™ B “«•*><» » "<* y* wide- 
important, for such studies the fiehSuBt'b m ? h ° d - and what iB mOTS 

difier greatly from their natural hTbUat 4 ^ “? J = on * M “» wlucb . 
may prove oi value as an auxlUanf elei:1 r°physiologIcal method 

activity of fish in comblnati^f with the r!^h? r !.° n WEher nervDUS 
n the method of conditioned reflexes. 

votcr Acrrvrry 

A very common method or recording f.ai, 
ment of its motor activity includin'* ft flBhbehavior involves the meaaure- 
y. eluding alimentary, sexual, defense and other 
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unconditioned and conditioned reflexes Data on the distribution of these 
activities during one day, and on the different factors affecting the activities 
or fish are of great Importance for the correct organization of fishing Motor 
activity can be studied under natural conditions, by the depth from which 
different fish can be caught during various periods of the day, from their 
feeding activity, etc. In spite of this, the multitude of factors which remain 
unaccounted for render the results obtained under natural conditions un* 
reliable. Under experimental conditions, motor activity also changes but 
its dependence on certain factors can be determined fairly accurately For 
a complete understanding of motor activity of fish it is thus essential to com- 
pare the data obtained under natural and experimental (artificial) conditions 
Changes in motor activity of fish may be studied by means of the simple 
method of Szymanski (1914). The fish to be studied is placed in a small ves- 
sel filled with water (Fig 1) A thread is fixed on the dorsal or caudal fin 
One end of the thread is connected with a light lever, fixed on an axis, the 
height of the lever in relation to the fish can be adjusted by moving It along 
the tripod The lever is balanced so that any movement of the fish Js re- 
corded on a blackened kymograph drum, by means of a pointer attached to 


the Jong arm of the lever. The rate of revolutions of the drum may be ad 
justed depending on the duration of the experiment. For recording the ac- 
tivity of fish during one day, barograph drums should be used (or a drum of 
some other similar apparatus). Quantitative evaluation in this method is 
difficult, because the movements may be so frequent that all marks merge 
Into one continuous line, so that the number of movements cannot be counted 
and the magnitude of one movement cannot be compared with that of another 
movement. In spite of the fact that this method Is a prtniltive » |t|«m 
one to establish the daily rhythm of motor activity tn fish Shtefan (19571. by 
^nff twj meS.r«h“»ed tbVtthe motor activity of sticklebacks in shoa.s I. 
less pronounced than that of isolated fish 
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fish. Thus, in experiments on galvanotaxis the length of the experimental 
fish must be measured. 

In studying the galvanotaxis of fish one must remember that the reaction 
of the fish depends on the distance between its body and each of the elec- 
trodes, as well as on the location of its body axis in relation to the plane 
of the electrodes. 

Present studies on galvanotaxis aim at a more effective use of electric 
current. It has thus been found that direct current applied in impulses has 
a greater effect on fish than continuous current. Studies on the effect of 
currents of varying frequency and form are of great practical importance; 
the solution of this problem will enable us to use electric current in large- 
scale fishing. Reactions of fish to electric current may be a subject not 
only for applied studies but also for theoretical investigations, since they 
serve as a subtle criterion of the functional state of the nervous system of 
the fish. To determine the sensitivity of fish to electric current, attention 
should be directed to the first stage of its external manifestation, the primary 
reaction. Using this method the effect of various chemical and physical 
factors on the nervous system may be studied. It has thus been shown that 
ethanol and magnesium chloride increase the sensitivity of fish to constant 
electric current, v/hereas caffeine decreases this sensitivity (Puchkov, 1954). 
It has been shown that light increases the sensitivity of fish to electric cur- 
rent while a magnetic field lowers it. 


REACTION OF FISH TO UCHT 

Among the natural physical stimuli, light is one of the most important 
factors predetermining the behavior of fish. Even such a rough indicator 
as movement towards or from a light source, i. e. positive or negative 
phototaxis, shows that almost all fish react to light. The use of such 
methods as recording of motor activity, measurements of sensitivity to 
electric current, change of conditioned reflexes, etc. provide comprehen- 
sive data on the effect of light on fish behavior. From the practical point 
of view, the method for determination of the direction and intensity of 
phototaxis in fish is of great importance. Following is a description of 
the method reported by T.I. Privol'nev (1956). 

Fish of the type verkhovka (Leu c asp ius delineatus), up to 20- 25 
specimens, are placed in an aquarium one half of which is darkened by ply- 
wood while the other half is exposed to light (Fig. 4). These sides (the dark- 
ened and illuminated one) are joined by an opening in the partition. One 
our after the fish are placed in the aquarium, the number of fish present 
in the light part or the aquarium are counted. Subtracting this number from 
t e total number of fish, the number of fish present in the darkened part of 
l,«o« qUa T ril ^of C£U i be calculated - F °r example, experiments with European 
cases this fl8h we re present in the part exposed to light, 
be evr,reR«eH e P l rt * The intensit y oi reaction of this fish to light will 

uhnwert that iif 8 22 = ^6%. Similar experiments with eels and lampreys 

and autumn ® ontrast to others, always avoid light. In spring 

SrecUoTof'lJht delineatus) foUows in the 

pronounced tn^fry 18 
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the principle of the "preference" method. The accuracy of this method can 
b<» increased depending on the aim of the studies and on the technical devices 
used. Thus, in determining the "preference" of extent of illumination, one 
end or a long aquarium may be brightly lit, and the intensity of light should 
diminish gradually to complete darkness at the second end of aquarium, In 
addition, the aquarium can be divided not only into five, but into more numer- 
ous compartments. 



FIGURE S Apparztui tar rturSUt on (he retctloa ot “preference 

A" view from above B general virw, a b, c d e - c ora part - 
tfienU 1 pan 111 on 


The method of "preference" may be used successfully in studies on the 
function of chemo- and thermoreceptors. In this case a gradient of the factor 
studied may be created, i,e. temperature gradient, or a gradient of concen- 
trations of substances dissolved in water. The distribution of fish is deter- 
mined in the same way, irrespective of the stimulant used. It is important 
to form a gradient of the stimulus used, and to exclude the effect of other 
similar stimuli. Thus, for example, in experiments on the effect of light 
on fiBh behavior it is important that light should not warm up the water m 
the aquarium 


REFtEX OF FCUOWtNC 

Reflex of following is the following of one fish by another. This reflex 
apparently comprises an optokinetic reaction, i. e , motion of an animal 
after some moving object. This reflex is often more complex, since ex- 
periments have shown that movement of a dummy fish of the same species 
causes a stronger reflex than movement of a dummy of a different fish 
species. This seems to indicate that the reflex of following is an elementary 
♦vTo arf refleX '. a major role in shoal behavior of fish. Studies of 

rpltnonpM deCerinina£lon of “ 8 biological importance, its inter- 

reSl«S*OT P eTc lth ° ther 8h0al rerle, “ !8> the role 0[ the visual analysor it! its 

KoS-oriteidSln 1 * he ren '”‘ ot toU ° win e W2S elaborated by L.B. 
Kozarovltskit In the laboratory of L.G. Voronin. The main part of the 
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jf following after the moving dummy fish. Studies on the rcfl « ° f 
in crucians and "verkhovka" showed that this reaction was noted both In shoal 

and non- shoal fish, being more pronounced In shoal fish. 


METHODS FOR STUDIES OF CONDITIONED REFIXXES IH FISH 

The first studies on fish behavior carried out by means of the method of 
conditioned reflexes were carried out by Pavlov's pupil, Yu.P. Frolov (1923). 
During the following 25 years the function of the sensory organs In fish, and 
especially the function of higher nervous activity of the fiBh. had been studied 
successfully by means of Pavlov's method. This method opened up wide pos- 
sibilities of study, as indicated by recent progress in studies on the analysor 
of lateral line in fish (Malyukina, 1955), and on reflexes and their relation- 
ship to stimuli of all types (Chumak, 1057), on complex chain reflexes 
(Prazdnikova, 1955; Tagiev, 1957; Vedyaev, 1956), and on imitative re- 
flexes (Bogomolova, Saakyan and Kozarovitskii, 1056). 

The method of conditioned reflexes has many things in common with the 
training successfully used by zoopsychologists in their studies on fish behav- 
ior from the beginning of this century. The common thing is the objectivity 
of the principle. The Investigator records the interaction between the organ- 
ism and its external environment in the animal's attempt to overcome the 
problem posed by the investigator. The difference lies in the fact that zoopsy- 
chologists do not register the magnitude of the stimulus, its quality, force 
and the peculiarity of response of each organism; they do not compare the 
properties of stimulation and response, thus being unable to solve the prob- 
lem of nervous mechanisms of behavior. 

The main rule of the method of conditioned reflexes is the simultaneous 
action (combination) of an indifferent agent and that of a stimulus causing 
some motor reaction in'fish. The prerequisite condition is a careful check- 
ing of the Indifference of the factor converted into a conditioned stimulus. 

Until the development of conditioned reflexes this agent should not, per se, 
cause the movement brought about by the unconditioned stimulus. The in- 
terval between application of stimuli may vary; most often one stimulus 
follows another in the course of 1 - 2 min. Depending on the nature of the 
unconditioned stimulus ("reinforcement") the methods making use of condi- 
tioned reflexes may be divided into alimentary and defense ones. The number 
of combinations in one experiment is determined by the nature of the reinforce- 
ment, the size of the fish, and other factors, but in most cases 7-15 combi- 
nations are sufficient to produce the desirable effect. 

Objective recording of experimental conditions is of great importance in 
studies on conditioned reflexes carried out either by the defense or alimentary 
method. Of course, the main document is the protocol, where the number of 
the experiment, its duration, the ordinal number of combinations, the nature 
of the conditioned stimulus and the duration of its application, the delay in 
the appearance of conditioned reaction, and the nature of reinforcement are 
all recorded. The protocol usually includes kymograms of the most impor- 
tant elements of the experiment. In the upper line of a kymogram (Fig. 7) 
the conditioned reaction is registered, on the following line below, the dura- 
tion of application of the conditioned stimulus is plotted. Still lower, the 
time of application of the unconditioned stimulus, and finally on the lowest 
line the time, are recorded. 
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EUCTWC OEfENtE METHOD 


The earliest (Frolov, 1941) and most widely used method for studies on 
Conditioned reflexes tn fish ia the electric defense method (Fig. 8), Move- 
ments of the fish placed in a small aquarium are registered on a kymograph 
with the aid of two Marey capsules. The thread is fixed at one end to the 
lever of the first capsule, and at the second end to the dorsal fin of the fish. 
The movements of the fish cause oscillations of the membrane of the first 
capsule. These oscillations are conveyed to the second capsu2e by means 
of a rubber tube. The second capsule is connected with a lever which in 
its turn is provided with a pointer for recording fish movements on a kymo- 
graph drum. The current of accumulators serves as an unconditioned stimu- 
lus, the former Is fed to electrodes through an Induction coll. One electrode 
1b made of a metal plate placed on the floor of aquarium, and the second 
electrode is a wire fixed to the dorsal fin of the fish. By moving the induction 
coil, one may Select a stimulus of such force that it will only slightly exceed 
the threshold current. The light of an electric lamp is filtered through 
various color filters, and a sound from a conventional small electric bell 
suspended above the aquarium may serve as conditioned stimuli. Sound 


can also be produced with the aid of a telephone apparatus membrane sealed 
in a waterproof case and immersed in water. In studies on the action of 
chemical, thermal, infra some, magnetic and other stimuli, the method 
becomes complicated only by the necessity of constructing additional devices 
which ensure the creation of conditioned stimuli. 

The principle of electric defense methods proposed by Tu.P. Frolov has 
changed little since its first description, but the methods of unconditioned 
stimulation were modified along two lines. Bull (1828) and later numerous 
other Investigators have placed both electrodes (in the form of plates) on 
the aquarium walls. S.N. Kirillov (1936), on the other hand, placed both 
electrodes in direct contact with the body of the fish ( local stimulation}. 
Owing to the simplicity of the method and to the fact that the unconditioned 
stimulus may be applied In desired doses, the electric defense method has 
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been widely used In comparative studies on the mechanisms of higher nervous 
activity and on the effect on It of various factors. However, the marked In- 
crease In excitation of the nervous system caused by an electric stimulus 
restricts the use of this method. For this reason, mechanical or chemical 
unconditioned Btimuli are preferred at present (p. 210-213). 


OTHER DEFENSE METHODS 

By combining any indifferent agent with a mechanical stimulus caused by 
a Btrong stream of air or a slight tap with a glass rod, one can bring about 
a development of a conditioned defense reflex. Thus, G.V. Popov (1953) * 
combined the effect of light and air stream under the influence of which fish 
fry descended to the bottom of the aquarium and attempted to obtain a con- 
ditioned defense reflex in fish fry. After several applications of the combined 
action of air and light, the fish fry began to descend to the bottom of aquarium 
under the influence of light. 

On the basis of mechanical stimulation it is possible to develop conditioned 
reactions which consist in the fish’s swimming over from one half of the 
aquarium to the other (Fig. 9).* 
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Artificially elevated pressure intheswimbladdermaybeuseri as an un- 
conditioned stimulus which caused a motor reaction In the fish(Sokolov. 1053). 

The same purpose is served by the addition of COg to the aquarium, which 

results In a changed rate of respiratory movements of the fiah (Chernova. 1853, 

see also the following chapter by N. V. Prazdnikova). 

AitMEKTARr METHODS 

Alimentary reinforcement has a certain advantage over the electric one 
by being more natural and because it has no deleterious sequelae. BullCl928) 
used the alimentary method for elaborating conditioned reflexes, but his 
studies lacked an objective registration of conditioned reactions the In- 
vestigator noted visually how the fish swam to the place of feeding or to itB 
exit from the shelter In response to the action of a conditioned stimulus. 

V. A. PegeV (1050) developed conditioned alimentary reflexes in fish by 
using the same principle as Yu. F. Frolov in his studies on defense reflexes. 
Fish movements were registered with the aid of a Marey's capsule which 
leas connected to the dorsal fin by a thread. During application of the con- 
ditioned stimulus the fish obtained food in a certain place. To reach this 
place the thread fixed on the fish had to be stretched to Its limit. Alter 
several combinations of electric light with feeding, the fish began to move 
to the place of feeding immediately after switching the light on. Although 
this method allowed for the objective recording of conditioned reactions of 
the fiBh, the thread itBelf caused additional stimulations which increased 
the number of movements, thus making the detection of conditioned reac- 
tions difficult. 

According to the method of Herter (1953), the fish also responded to con- 
ditioned stimuli by swimming over to the feeding place. Herter gave the 
fish two objects to choose from; I) food — mostly cheese and 2) dummy 
food-wax which in form, color and smell resembled cheese. Both objects 


were offered simultaneously in the form of small pieces fixed on two widely 
set prongB of one and the same fork. This was accompanied by the applica- 
tion of various conditioned stimuli (i.e. cheese was placed against the back- 
ground of a green triangle, and the wax against a red background). After 
several combinations the fish always swam to the green triangles, irrespec- 
tive of the direction from which they came. The drawback of this method, 
apart of objective registration, lies in the simultaneous development of 
positive conditioned reflexes and differentiation. However, this method 
gives an adequate objective characterization of the ability of fish to dif- 
ferentiate color stimuli. 

A method making use of conditions more closely related to natural ones 
has been developed by Prazdnikova (1953) in the laboratory of L. G. Voronin. It 
was noted that fish frequently take inedible particles (plant remnants, peb- 
bles, sand, etc. ) into their mouths and then eject them. When a bead was 
placed in the aquarium, the fish caught it and immediately ejected it. This 
reaction was repeated several times and then the fish ceased to catch the 
object. This reaction was clearly of an exploratory- alimentary nature. If 
this reaction is reinforced by feeding it soon becomes a conditioned reflex 
(Prazdnikova, 1953)*. 

The alimentary method has the following advantages over the electric 
defense method 1) the motor reaction on the basis of which the conditioned 
reflex is elaborated is natural to the fish, 2) the fish remains all the time 
under unchanging conditions, 3) on regulating the magnitude of alimentary 
reinforcement to satiation of the fish, it is possible to use a large number 
of combinations of various stimuli. 


LABYRINTH METHOD 


The labyrinth method has been used by zoopsychologists for elucidation 
of the effect of various factors on the "training capacity" of fish. The prin- 
ciple of this method lies in the fact that different obstacles are placed be- 
tween the fiBh and the food, and that the time required to reach the food in 
the first and following experiment is recorded. This experiment is repeated 
several timeB, and the reduction in the time required to reach the food is 
noted. At the beginning of the experiment the fish is placed in the first 
compartment of the aquarium and food in the third compartment (Fig. 10). 
The time needed to reach the food in the third compartment is recorded with 
a stopwatch. After several experiments the fish begins to swim with an 
increasing speed from the first to the third compartment. Graphs of "train- 
ing capacity can thus be plotted. In these graphs the time required to reach 
the food is plotted along the ordinate, and the ordinal number of experiments 
is recorded along the abscissa. Similar graphs are plotted for each fish and 
compared. 


^ * labyrinth method has not been widely used, since its results are dif- 
ficult to interpret, while the general data on "training capacity" i.e., on the 
speed and kinetics of formation of conditioned reflexes can easily be studied 
by means of the conditioned reflex method. However, the labyrinth method 
be^vior eCtiVe SClentlflc method which may prove useful for studies on fish 
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Laboratory experiments form the basis for studies on fish behavior, and 
will provide methods of investigation of receptor capacity In fish, and the 
systematization of their unconditioned and conditioned reflexes, as well 
as allow to determine the relationship between inborn and acquired compo- 
nents of behavior. Of course these methods do not embrace the whole com- 
plexity of the problem. To this end, experiments under both laboratory 
and natural conditions should be carried out. Experiments under natural 
conditions should be designed on the basis of knowledge acquired in the 
laboratory, and from careful observations of fish behavior. Experiments 
under natural conditions should foresee any possible changes and hence aid 
in the control of behavior of shoal and Isolated fish. 
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METHODS OF STUDY OF CONDITIONED REFLEXES IN FISH 


N.V. Prazdnikova 

( Institute of Physiology lm 1 P Pavlov of the Academy of Sciences of the USSR ) 


Studies on fish behavior by means of methods of conditioned reflexes 
reveal the rules governing the activity of the CNS in fish in general, and 
the mode of action of various analysors in particular For this purpose, 
various methods may be used, but with maximum attention paid to the bi- 
ological aspects of the organism studied 

The first studies on conditioned reflexes in fish are those of Yu P 
Frolov (1825, 1926, 1928, 1938, 1941), who used the methods formulated 
by him in studies on conditioned motor defense reflexes with unconditioned 
reinforcement by electric current. Somewhat later. Bull (1928, 1936, 

1936 a) used the defense method (similar to that developed by Frolov) in 
his studies Since then a wealth of data on fiBh behavior studied by means 
of conditioned motor alimentary and defense reflexeB have accumulated 
(Kirillov, 1936, Pegel', 1951, Karamyan, 1953, Baru, 1951, Prazdnikova, 
1953 and others) A description will now be given of several methods ap- 
plied m studies on higher nervous activity of fish by means of conditioned 
reflexes 


METHOD OF CONDITIONED ALIMENTARY MOTOR REFLEXES 

One of the most adequate methods is that of conditioned alimentary motor 
reflexes Since motor activity and the ways by which fish obtain food are 
extremely divergent, various motor reactions of fish may serve as criteria 
of conditioned reflexes Methods based on alimentary reflexes must fulfil 
the following conditions 

1) the conditioned motor reflex must be clearly pronounced, 

2) if motor activity consists of swimming over to the feeding dish, the 
fish should not be allowed to remain near the feeding rack at other times, 

3) fish movements should be as unhampered as possible 

In the literature two methods are described which fulfil these require- 
ments One is the method suggested by Bull (1951) for studies on the de- 
gree of differentiation by marine fish of various hydrographic environmental 
factors, such as temperature, salinity and pH of the water. The other 
method has been developed in the Laboratory of Comparative Physiology at 
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to hold the fish at the other end of the aquarium Under conditions of starva- 
tion, when the food is gradually shitted towards the shallow end of the aquar- 
,‘ he “ sh Shadually learns to swim the entire length, of the aquarium to 
the site where It receives the food and immediate]/ returns to the deep end 
of the aquarium Changes in water temperature, salinity and pH of water 
were used as conditioned signals by Bull Food served as unconditioned re- 
inforcement A scheme of a setup tor studies on the effect of various tem- 
peratures is presented in Figure 1 

The observer sits at point 1, he is separated from two large aquariums 
(upper part ot the figure) and 6 smaller aquariums by opaque screens (2 and 
3) Sea water from the laboratory reserves Is fed into the system through 
tube (4), it flows along each aquarium and overflows through the edge of the 
deep end. The inlet of tube (5) through which food is introduced into the feed- 
ing compartment of each aquarium is shown by the dotted line Periscopes 
(6) are mounted in the screens These allow one to inspect the entire length 
of all aquariums clearly Small heating coils (7) allow for a slight increase 
In ihe temperature of water flowing through them This Is accomplished by 
the pushing button (8) Water flow may be followed with the aid of thermo 
couples connected with a sensitive galvanometer (9) The investigator is 
capable of carrying out all necessary procedures noiselessly, without having 
to move 

Bull described the experiment thus 1 The investigator enters the building 
and closes both doors He inspects the aquariums to ensure a faultless flow 
of water and to see whether everything Is in order. The Investigator then 
takes a seat on chair (1) and records the behavior and location of the fish 
for at least 15 minutes The temperature on the border of cold water and 
the galvanometer reading of each thermocouple must be registered The 
heating device is then switched off and galvanometer readings are recorded 
At each association a piece of food is placed in the feeding compartment 
During several first experiments the fish does not respond to the first stimu- 
lus— food— present in the feeding compartment, there is no reaction until the 
fish perceives it (visual perception, smell perception, etc , depending on the 
reeding habits of the fish studied) Cods, for example, do not respond tor 
several minutes (i e , until they have perceived food by smell, taste or 
sight, the latter is less probable) because of the distance at which the too 
1 b placed After the fish has perceived the food it immediately commences 
to move towards it, against the current, and continues to swim to the place 
(half-way to food) where the water layer is too shallow for the comfort of the 
cod At the early stages of the experiment the fish immediately returns to 


SSZS each approach to the shallow water and to the food), no that It 
gradually penetrate, slower *.««« Finally. the fish 
splashing movement. . enter, the feeding contpartmen. and 
obtain the food placed there, acting, apparently, in a state of extrem 


201 



excitation At first, the fish usually does not succeed in snatching the food, 
and splashing in the shallow water, it finally returns without the food it had 
attempted to obtain In the course of several days the fish accomplishes 
these movements not more than once a day, although the food remains In 
the chamber all this time and the fish is allowed to snatch it. If the food 
remains uneaten at the end of the day it is taken away and replaced, Re- 
peating this association day after day the fish becomes more and more per- 
sistent in its attempts to obtain the food, and becomes less excited by splash- 
ing in the shallow water Finally, it learns to snatch the food without hesi- 
tation, remaining nevertheless highly excited to the very end of the experi- 
ments. and returns excitedly and rapidly to the deep end of the aquarium. 
Finally, the time comes when the fish displays signs of "anticipation". In 
cods which maintain their position by slight undulating waving of the pectoral 
fins, the first sign of a conditioned reaction is manifested In the enhance- 
ment of this fin waving. The fish then commences to swim against the cur- 
rent for varying distances, and finally displays the full reaction (as describee 
above) and snatches the food It must be stressed that now the fish displays 
all this activity before placing food in the chamber. In the laBt stages of the 
experiment the fish swims into the feeding chamber and waits outside the 
shallow water until the food is introduced, it then immediately snatches the 
food and with a splash returns to the deep end of the aquarium. 
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Is the first experiments, conditioned reflexes were developed onlv in 
response to considerable changes in the factor studied At first the tem- 
perature was raised from O-fCto 3.0-C After the conditioned reflex had 
developed the amplitude of the stimulus gradually decreased to the threshold 
perceived by the fish It was shown that ibe fish Cades merlangtis and 
Pleuronectes flesue are capable of differentiating small changes m 
temperature, of the order of 0 03 -0 05°C. 

In his studies on the ability of fish to differentiate water according to the 
salt concentration. Bull proceeded from the hydraulic law s of water motion 
suggested for the creation of a uniform water flow, to use similar aquariums 
with sloping bottoms and with a L- shaped knee where the fiEh lives perma- 
nently The fish in this aquarium swim with the water current. The cur- 
rent of water from the lower {deep) end to the upper end ensures a straight 
front of water flow along the entire aquarium and a uniform change in the 
water salinity Apparatus used for studies on the effect of various salt 
concentrations on free swimming fish (cods, haddocks and others) is shown 
in Fig. 2. An approximate 4° oochange served as primary stimulus (from 
an initial salinity of 34°/ooto 30° «■) The gradual decrease in this difference 
allowed for observation of the conditional reflex when the salinity changes 
from 0.5® to to 0 2°/oo 

A similar aquarium was used for studies on the ability of fish to differ 
entiate the pH of water Change m pH was accomplished by adding to ordi- 
nary sea water at a pH of 7 05-8 22. a given amount of sea water, saturated 
with CO2— pH 5 0-5 2 The change in pH of the water is from 7 05-fi 22 to 
a pH of about 7 0 (addition of 500 ml of water saturated with COg to 10,000ml 
of water in the aquarium and stirring) served as primary signal for the de- 
velopment of a conditioned reflex Gradually, the fish learned to distinguish 
changes of the order of 0 05-0 07 pH units 

We shall now describe the second alimentary method 

The fish should live constantly in the aquarium The feeding box is placed 
in one of the corners of the aquarium the food is rinsed in water . A small 
bead fixed on a thread is placed in the water. One end of the thread is fixed 
to the feeding box A conditioned reflex in the fish is manifest by a move- 
ment aimed at snatching the bead in response to a conditioned stimulus The 
reflex is developed in the following way The bead is suspended in water. 

The fish (carp family, omnivorous) in search of food takes all small objects 
in its mouth, including the bead (Fig 3). This movement is immediately 
reinforced by placing food into the feeding box After 15 20 experiments 
the fish will have developed a conditioned motor reflex Having snatched 
the bead, it throws ft away and immediately swims over to the feeding box 
A stimulus is then used which should subsequently serve as a conditioned 
signal Only movements coinciding with application of the stimulus arc re 
fnforced Of course, this experiment should be carried out on hu "Ery fish 
The stimulus should be applied for not more than 15 30 seconds In j he 
course of the first or second experiment, the condftfoned Unk- conditioned 
stimulus-jerk-food is established, the conditioned stimuli may be applied 
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30-50 times per single experiment, with 2-minutc intervals. As a rule, 
the duration of application of the conditioned stimuli should be restricted 
to 15 seconds. The duration may be doubled (to 30 seconds) when the local 
conditioned reaction is delayed, but the general motor react on of the fish 
is clear-cut (the fish swim over to the bead and performs a jerking move 
ment). 



FIGURE 2. Apparatus {or differentiation of lallnfty (Scale of the left-hand part It l,f time* larger than scale 
of the right-hand part), (After Bull, 19S1) 

A— rtrervolr of water used for itlmulatlon, B—reiervoIr with ordinary tea water, C— xerervolr around reiervolr A, 
a-d and a^-d^ — tube* through which water panel Into the doping (1-30) aquarium* (1-5), D— device* for water 
distribution ensuring a constant water level In the aquarium, E— Inlet for sea water. 


Reinforcement is applied not earlier than on the fifth second of duration 
of the stimulus. Food (mostly a butterfly, or a piece of earthworm) is 
given in such amounts so as not to exceed 50% of the daily portion (needed 
for full satiation) of the fish. After such an experiment the fish is given 
no further food. 

The following conditioned signals may be used: 

1) light signals— electric bulb of 75,100 or 250 watt suspended above the 
aquarium (Fig. 4, 2). By using light filters, light of various colors rosy 
be obtained. In experiments with fish of the carp family, yellow, green or 
blue lights are preferred. Red light is not recommended. Flickering light 
is a good stimulus. This can be obtained by placing a four-blade rotator 
fixed on the axis of a Warren motor which is then placed in front of a bulb 
of a 10-15 watt bulb. This device is suspended on the front wall of the 
aquarium; 

2) sound stimuli— sound of an electric bell suspended over the aquarium, 
underwater oscillation of a tuning form, buzzer, etc. It is important that 
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3) bubbling produced by blowing air into water is a very good conditioned 
stimulus 


In experiments witt conditioned alimentary motor reflexes the following 
data should be recorded 

1J jerk— recorded by means of closure of electric contacts connected 
with the bead 

2) the beginning and end of application of the conditioned stimulus For 
this purpose the storage battery circuit of the electromagnetic recorder 
is connected parallel to the main circuit of the stimuli by means of an 1 
type key 

3) time {every 5 seconds) is recorded by means of an electromagnetic 
recorder The kymogram of such an experiment is shown in Figure 5 

The following pointers will be useful for investigators interested in 
methods of conditioned alimentary reflexes 

At the beginning of his study the investigator will find that fish of one 
and the same species age and sex display individual fluctuations in behavi 
or Some fish are very active and begin to snatch the bead immediately 
In that case the conditioned stimulus should best be employed already in 
the first experiment without preliminary elaboration of the motor reflex— 
snatching of the bead In such fish a conditioned reflex to the stimulus is 
also rapidly developed and during the intervals between application ot 
stimulus the jerks are less numerous than in case the motor reflex was 




^assivm-defense rea ctm™ SmhtM displayJh.f Wnd ' ot rSontowardB 
the bead, and in the first days of the experiment towards food, dropped in o 
the aquarium With such fish, preliminary development of a motor refle 
toward the bead is mdispensable Usually, first application of the condi- 
tioned stimulus causes inhibition of jerking which gradually passes, and 
the fish then always develop a conditioned reflex 



flCURf. 4 Upper part of aquarium with feeding rack (I) light lource (2) and swltchei (J) for 
recording motor reflexet 



FIGURE S rymogram of experimee 

From the top- jerk mark rtlmulo* maik time mark a- while U„M b- light green I ght 


ll is best to begin experiments in summer, because of the high alfmen 
tary excitability of fish in the summer In a winter which follows a summer 
abounding In food the alimentary excitability of fish it. lowered, and condi 
tinned reflexes cliboratcd in winter may prove unstable and inconclusive 
In experiments with two conditioned signals-a positive and Inhibitory 
one-the rhythmic stereotype with alternating stimuli (+-, •c- etc ) and 
equal intervals between stimuli is recommended 
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In experiments with predatory fish (for example, perches) the motor 
reaction described above is impractical Being predatory fish, perches 
may lie motionless in wait for long periods near the feeding box and catch 
Ihe food with a swift dash Attempts to develop alimentary motor reflex— 
catching the bead-were unsuccessful Only a general motor reaction could 
be developed -swimming over to the feeding box. So that the fish would not 
remain near the feeding box all the time, two feeding boxes should be con 
structed with local conditioned signals indicating the box in which food is 
placed In such a case, swimming over to the feeding rack in response to 
a signal will mark the conditioned reaction The following recording device 
is recommended (Fig 6) At the entrance to the feeding box, metallic 
rods are suspended from a steel plate, another piece with holes for these 
rods is placed in a horizontal position about 10cm below the first plate 
Just above water surface the metallic rods are connected with glass rods to 
form a type of mobile curtain Swimming towards the feeding box, the fish 
draws the rods apart, thus closing the contact of the electromagnetic re * 
corder which records this movement on a kymograph 



box) (CtmAsUhw* 19S*) 


The only Quantitative Indicator of conditioned reflex activity la fish in 

clear that the time weired to ■»*» »ver . .plication of the 

tion of the fish in relation to position should be aa identical 

signal * » o.e a, oar- 

as possible in all experiments by N A Chernova (Laboratory 

— A A - 

skfi, Leningrad University)). 
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The aquarium is divided into two halves by an opaque partition with a 
hole in the center. The hole is covered with a mobile transparent curtain 
mide from a Mm plate, and provided with a system of contacts which allow 
for the registration of the passage of the fish from one compartment into 
another. In the first compartment, the feeding box with the bead are placed 
(as described in the preceding method). The conditioned stimulus is switched 
on when the fish is in the second compartment. The signal is given and the 
fish swims over to the first compartment, jerks at the bead, eats the food 
and returns into the second compartment. At first, the conditioned stimulus 
is switched on when the fish is in the first compartment, near the bead, in 
order to elaborate the alimentary motor reflex (according to the principle 
described above). Application of conditioned stimulus is later concurrent 
with the passage of the fish into the second compartment. The presence of 
two conditions, feeding only after the application of the signal and switching 
on of the signals only when the fish Is in the second compartment, caused 
the formation of a stereotypic motor reaction, i e , the fish returns into the 
second compartment after eating the food. 


METHOD OF CONDITIONED MOTOR DEFENSE REFLEXES 

In spite of a number of advantages of the method of conditioned alimen- 
tary motor reflexes, this proved inadequate for studies on the features of 
conditioned reflexes in fish On reinforcement with food the results of the 
experiments depend to a great extent on the alimentary excitability of the 
fish, the latter may fluctuate from day to day, and according to the season 
(this has been shown by studies carried out in the Laboratory of Comparative 
Physiology of Higher Nervous Activity). In addition, in experiments with 
food reinforcement one is confined to a small number of combinations which 
are inadequate for comprehensive studies on the nervous system of fish It 
is thus recommended to study fish behavior by means of two conditioned reflex 
methods* conditioned alimentary and defense reflexes. 

Yu.P. Frolov (1941) proposed a method of conditioned defense reflexes 
which has been used later by numerous investigators. For the elaboration 
of conditioned defense reflexes, electric shock serves as an unconditioned 
reinforcement. The current is transmitted by means of two electrodes to 
the body of the fish One electrode is fixed for this purpose to a fin (this 
electrode is in the form of small tweezers), while the other electrode (m 
the form oi a plate) is placed on the bottom of the aquarium A thin copper 
wire passes from the electrode fixed to the fin to an induction coil. At a 
certain place the copper wire is attached to a button placed on a rubber mem- 
brane or a Marey capsule Movements of the fish are recorded on blackened 
drum of a kymograph 

The experimental setup proposed by Frolov is illustrated in Figure 7. 
Procedure* At first, the indifference of the conditioned stimulus must be 
ascertained. If the conditioned stimulus used immediately brings about an 
orientating reaction, it should be rendered extinct by repeated applications 
of this stimulus without reinforcement. A conditioned reflex is then devel- 
oped The stimulus is applied, and 3-5 seconds later the electric current 
is switched on (it should be above threshold strength, f.e.. a current which 
causes a clear-cut motor reaction) After several concurrent applications 
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of (he conditioned stimulus and electric current, the fish commences to 
move actively on application of the conditioned stimulus alone. 



neuw l tv*~* ««t ■■ “ 
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The drawback of the defense *•*£■* of the fish 
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applications of conditioned an Some authors considered this phe- 
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an electric current is switched on which causes motor reaction of the fish. 
The current is applied continuously until the fish swims over to the sec on 
compartment The fish pushes the door, thus closing the circuit, and the 
movement is recorded on a kymograph. If the conditioned reflex appears 
in the course of 5-7 seconds, no reinforcement is needed. Hence the fish 
may always avoid the danger of electric shock. Under these experimental 
conditions, unconditioned reinforcement is rarely needed. Hence, the harm- 
ful effect of electric current on the nervous system of the fish is greatly 
diminished. 



FIGURE S Ap?*ratuf to r ttudiet oo coo did vfeusl wfltxe* In fbh. 
UacoadLUoud itimuln*— electric *hock 1916) 

1— Fhh Biennial In » »rr*U glwi trough, 2~*oundproof Inflation, 3-box- 
*Ctt*n, <— tUfi electtodei S— gjan )an w\& **tu*»t*d line *ullrte loloUcmt, 
fr— bridge* cooUialng agar-igzz and *ea water conducting c u rre n t Into tie 
trough where the liah is placed, 7— tilt through which the light llpul U Riven, 
B— s«uce of light, 9 — v*j*Un-coated coverglut for producing high enrface 
tension the coverglsss floats on the wster surface and Is fixed by weans of 
waxed thread to the Aort inn of s sensitive lever (10) which keep* the thread 
Sketched (in the retting stale It Is horizontal to the water surface), 10— ana 

el trnsWve 'mi. 


Recently, the workers of the Laboratory of Comparative Physiology of 
Higher Nervous Activity of the Institute of Physiology im. 1. P. Pavlov of 
the Academy of Sciences of the USSR have developed a new method of 
conditioned defense reflexes, in which mechanical stimulation of the fish 
serves as an unconditioned reinforcement. The general view of the aquar- 
ium used in these experiments as well as details of the apparatus are pre- 
sented In Figures 10-13. 

An aquarium of plexiglass is preferable (it can easily be glued with 
chloroform and the various notches and grooves needed are easily made). 



For fish 10 20 cm long an aquarium 50X20X25 cm in size is adequate 
For the experiment, the aquarium is divided into two compartments by 
placing an opaque partition into the grooves (Fig 12) (a Duralumin partition is 
preferred) The opaque partition is provided with transparent doors The 
doors should close and open easily by means of a screw placed above the 
partition They can be closed and opened simultaneously or alternately 
The walls of each half of the aquarium have grooves and notches for combs 
which serve for mechanical stimulation of the fish The combs are prepared 
from brass with nickel coated tubes fixed on a plexiglass pivot (with a small 
lock at the end) (Fig 13) When in the locked position the comb lies 
parallel to the water surface By opening the lock (by hand) the combs may 
be rotated around their axis and the investigator taps the fish slightly The 
tubes should not be off the wails and bottom of the aquarium The aquarium s 
corners should be cut diagonally with plates so that the fish cannot find 
shelter from shocks in the corner (Fig 10) 



nCUPJE 9 Aqwrfim* cotaUdn* cl M chimSra or* lc !»«<»» coodltWd 
dr ft tu« (Sokolov 19S5) 

1 — door la pjrtition 2-llIuml B aUon toerct 3 4 3 -4 5 656 rlretrodrt 
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FIGURE 12. Partition with doon acrrwt lot opening 

«=d cl«*iag door* 
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way Liehr,. s^, lr h^ Cd *! T‘ d ' leh ' ™ s is »'“««■< to «» folio*, 4 ’ 
f L l 6 * ht switched on ln the compartment with the fish, and the latter 

s forced to swim nto the dark part of the aquarium by touching ft “ on 

t ? e i 6penda most of its t,me in the dark, light should be 

switched on in both compartments of the aquarium for developing conditioned 
renexes Light in the compartment with the fish is then switched off, and 
the fish is forced into the light compartment A conditioned stimulus should 
be applied for no longer than 10-15 seconds Unconditioned reinforcement 
is applied towards the 3rd-5th second After the reflex has already been 
elaborated, application ot reinforcement should be postponed tor 10 seconds, 
and used only when the conditioned reaction is delayed It was shown that 
per 100 conditioned stimuli in one experiment, not more than 5-10 rein- 
forcements had to be applied The interval between conditioned stimuli 
should be 30 seconds and more intervals of 2 minutes are preferred In 
the course of developing differentiation to light of a different color, it is 
best to use a rhythmical stereotype of stimuli (ns for the development of 
conditioned alimentary reflexes) Differentiation may be manifested in the 
fact that the fish would not swim into the second compartment on switching 
on the light of the other color. Using this method one is able to apply 50-100 
and more conditioned stimuli in the experiment, which results in a consider- 
able shortening of the time needed for the development of conditioned re- 
flexes and does not cause pathological disturbances of higher nervous ac- 
tivity in the fish 

N A Chernova suggested a method for developing conditioned defense 
reflexes by using a different type ot unconditioned reinforcement For the 
experiments, an aquarium consisting of two chambers, similar to that used 
in experiments tor studies on alimentary motor conditioned reflexes, is used 
Unconditioned reinforcement causing a motor defense reaction in the fish 
swimming from one compartment into another compartment, may be a 
chemical substance (such as CO,. fI 2 S or 0 2 > or a rapid withdrawal of water 
from the compartment Because of the two compartments it is possible to 
change the chemical composition of the water in only one of them, while the 
fish is given the opportunity to leave the inadequate medium for an adequate 
one The curtain which closes the opening in the partition precludes mix ng 
of water of one compartment with that or the other Alter the list, toe left 
the compartment f, lied with harmful Chemical sobstancea, water fn thte com- 
partment is changed completely through a plug m the bottom of JJL 
meet Since the opening in the partition i, tS cm above the .bottom rf : the 

2ESE5 4^:ht"mpmu7e 3Se Th n . difficulty encountered in elements 
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of this type is the dosage and rapid administration of unconditioned rein- 
forcement, as well as the registration of respiratory movements in the fish 
In what follows the method of study of conditioned respiratory reflexes in 
fish developed by K A Chernova is described For recording respiratory 
movements, N A Chernova proposed to use a special device illustrated in 
Figure 14 The fish is fixed with the aid of an elastic rubber net suspended 
on threads stretching to the base of the device. On the head of the fish there 
is a transverse rubber band fixed in the middle to the device, while its free 
ends are connected by means of threads to a lever of a myograph The rub- 
ber band surrounds the fish gills and moves together with them during respi- 
ration, and so the respiratory movements are conveyed to a kymograph. For 
the experiments, the entire device together with the fish fixed In it is placed 
in a vessel filled with water and connected to two adjacent vessels, one filled 
with carbonate solution and the other with water. The bottom of the vessel 
containing the fish is provided with a plug to remove water from the vessel 
1 1 g of CO2 m 1,000 ml of water and poured into 800 ml of ordinary water 
serves as unconditioned stimulus CO_ solution is poured into the vessel 
with the fish several seconds after beginning of action of the conditioned 
stimulus After 30 seconds of action of the unconditioned stimulus, the water 
in the vessel is changed CO z should be applied once per experiment It 
was shown that a conditioned reflex is formed already after one combined 
action of the conditioned stimulus with such a reinforcement 
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The common feature of all methods used for the study of conditioned re* 
flexes in fish is only the principle of conditioned reflexes and the procedure of 
elaboration of conditioned reflexes Studies of conditioned reflexes are by 
no means exhausted by the methods described above in e3ch case the in 
vestigator should use his ingenuity and modify the available methods to evit 
his purpose and aims 
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STUDIES ON VISION IN FISH 
V. R Protasov 

AH tan Mil, «u» MS,) 

METHODS BASED ON OCULOMOTOR REACTIONS 


The oculomotor reaction ol fish Is a variety of oculoldnetic nystagmuslm- 
voluntary movements of the eye in following moving objects). The oculo- 
motor reaction is manifest In movement of the whole fish after objects mov- 
ing in the field of its vision The biological principle of this reaction con- 
sists of adaptation of the fish to visual orientation according to motionless 
reference points and in shoals according to moving fish. Grund/est (1031) 
Wolf and Zcrraha-Wolf (1036). Gaffron (1934), V.R Protasov and K V. 
Golubtsov (1960), V.R. Protasov and Yu. P. Altukhov (1960) and other sci- 
entists studied fish vision according to this reaction 

The method is as follows' the fish is placed in a cylindrical glass vessel 
surrounded from the outside by a rotating cylindrical screen consisting of 
alternating vertical bands. Spectral light (of a desired wave lengthand energy) 
is projected onto the screen from a spectrometer. For a uniform illumina- 
tion of the screen, the vessel with the latter is placed on a glass table 
Around the screen a truncated alabaster cone is placed. Semitransparent 
paper is pasted to the bottom of the vessel, the beam of light directed through 
the top of the table is reflected from the inner walls of the truncated cone, 
passes through silts between the screen hands, and falls on the vessel con- 
taining the fish (Fig. 1) 

The screen rotates with a speed of 1 cra/sec. At a sufficient 


light intensity the fish begin to swim in the direction of the screen 
A change in the direction of rotation of the screen results fn a change 
in the direction of fish movement. If the intensity of light is dim- 
inished below the threshold of visibility, the fish cease to follow the 
movement of the screen (i e. they cease to see it). The threshold of light 
intensity sufficient to maintain oculomotor reaction differs, depending on 
the width of screen bands, the interval betweenihe bands, the speed of rota- 
lion of (he screen, and the wavelength ol the light. Changing the ligW spec- 
trum. under otherwise similar eruditions, the minimal perrep Me lieh to- 
tenotty at each length at the light wave is calculated and the«J*»“"r curve 
ia plotted. By determining the visibility curve In fish adapted to IWt «nd to 
dark, one is able to ascertain the characteristics ot chaoses in spectrum 
sensitivity of vision In daytime and tn twilight. 
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2-mlm*, 3-b ole in table, 4-opaqne gUrt (a dlrpenlnf might 
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6 -round aquarium, 7-cyllnder luppcrtlng th« tcrcrn In mrprnded Rate, 8- 
motor nvolvlnR the acreen 9-*creen, 10-tource of light, 11-trUiedral 
prUm for obtaining different region! of rpectnun, 12-lmob for regulating 
Intensity of Illumination 13-lena. 

By means of this method Wolf and Zerraha -Wolf (1936) determined the critical 
frequency of flicker at various light intensities. Wavelength, light intensity, 
width of screen bands and intervals between them remained unchanged. The 
speed of rotation of the screen and illumination varied. The screen was set 
in motion by means of a motor the number of revolutions of which could be 
regulated with the aid of a rheostat. A correlation between the intensity of light 
and frequency of flicker at which the images appeared continuous was noted. The 
cinematoscopic effect of fish vision was established in the same way by Gaff ron 
(1934). 


METHODS EASED ON ELIMINATION OF ACTION CURRENTS 

Among methods for studies on vision of fish, methods based on action 
currents are of great interest, since they aid in revealing the main aspects 
of fish vision" perceptible spectrum, adaptation to light, color differentia- 
tion, differentiation of illumination etc. Biocurrente appear in the eye retina 
and in the optic nerves when light shines on them. Action currents of two 
types are known, retinogram and neurogram currents. By placing active 
electrodes on the cornea and eye fundus, biocurrents appear when light falls 
on the eye. These currents are characterised by oscillation frequency of 
the potential of the order of 50 cps. Diagrams of electrical changes in the 
retina following stimulation are called electro -retinogram s. In Fig. 2 a 
retinograms of fiBh has been given by Day (1915). By placing active elec- 
trodes on the nerve or on the retina, electric currents of higher frequency 
of oscillation of potential are obtained. These biocurrents are called 
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rettaaSn 8 , < <Flg ' 2 ‘ 2) ; Nettr °E r, “' s consist of 1 action currents'' of the 

Ma "hews 1927? Tl' ,ransmll ‘ ea ‘° “>« '■min from the eye (Adrian and 
iviactnewfi, IS27). A neurogram of a cod (G a d u s morhua morhua I » 

“ FZT? T t FiE ' 2 ‘ 2 ‘ . When llght and darkness alternate, or when changes 
of « Vr Ur ' th6Se 3re accom P amed b ? changes in the frequency 
of oscillation and the magnitude of potential of the "action current" (Fig. 2 2) 
Changes in neurograms thus reflect the changes in perception of light 
stimuli by the eye. Hence, comparison of changes fn the neurograms with 
those of light stimuli acting on the eye (known to the Investigator) is the basis 
of electrophysiological studies on vision in fish. 


1 . Comparative method. This method is based on a comparison of 
periodic changes in the action of light and darkness on the eye with changes 
in the retinograms or neurograms. This method has been used by various 
authors for the determination of the capacity of eyes to perceive individual 
light flashes (studies on the critical frequency of flicker merging). The 
Critical frequency of flicker is one at which the eye is able to perceive con- 
tinuous motion. By using this method. Day (1015) showed that tenches and 
pikes are capable of perceiving 25 individual light impulses per second as 
separate. Svetichin (1855) showed that in the cones of the eye of perches and 
breams the critical frequency of Dicker is 55/second. 

2, Threshold method This has been developed In detail by Granit 
(1947). It allows for the determination of eye sensitivity to light of various 
wavelengths and at various states of adaptation to light. This method to 
based on finding the minimum energy of light at all wavelengths (threshold 
stimulus) causing the appearance of action currents in the retina or optic 
nerve. Using this method, Granit established the relative spectrum sen- 
sitivity in the eyes of carps, eels and tenches adapted to light and to dark- 
ness. A Purkmje* effect has been established In these fish, indicating the 
presence in retina of "daylight" and " twilight " receptors. 

3. Colorimetric method developed by M.M, Bongard and M.S. 
Smirnov (Bongard, 1955) who constructed a special colorimeter for studies 
on color vision In animals. This method is based on a comparison of bio- 
electric activity of the optic nerve (or retina) with the action of changes in 
the field of vision of the colorimeter. If the eye does not "see" the border 
between "fields of vision" of the colorimeter presented to the fish the action 
currents" do not appear in the optic nerve (retina), and vice versa. Pro- 
ceeding from this, the author gave the following definition of color vision. 

The eye does not differentiate the given color if a ratio between two colors 
acting alternately can be found at which no "action currents occur. 


If. on the other hand, at all ratios between the intensities 

... . j .».«» 4W» of the animal outer* 


"action currents" do occur, it is assumed that the eye o 
entiates these colors. „ . » D 

The colorimetric method allows one to stsdy the capacity °< ^ 
differentiate colors and light intensity. In eotfrwt o -the togHUjun 
this method allows one to study the reception of light by ey 
threshold intensities (bright illumination). 
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mCTROPHYSJOIOCICAl STOWES Cf THE VIS, UAL RECEFTCR m FISH 

Action potentials must be studied on living fish (retina sections are dir- 
ficult to prepare and cannot survive the duration of the experiment) 

To obtain retina preparation ("surviving retina preparation" according to 
the terminology of Svetikhm, 1955) the living fish is subjected to eye enucleation 
followed by careful removal of the lens, vitreous humour and sclera from 
the retina (Fig. 3) The retina preparation is illustrated schematically only 
in Fig. 3. The retina preparation" of the eye of cartilaginous fish is viable 
for several hours. The living fish must be operated on. The optic nerve 
or retina is exposed (depending on whether a retinogram orneurogrsm is to 
be obtained, i.e. on the initiating point ofthe action current). Various seg- 
ments of the optic nerve must be exposed, depending on the anatomical fea- 
tures of the various species of fish. In some fish (such as anchovy) the optic 
nerve can be approached only tranacranially. In other fish (plaice, burbot 
and sheathfish) the optic nerve is very accessible. 



FIGURE J. Location of elcctrcxici for Upping of action currrou from lb* rrtlea ai*i cj<i c l-nr» (» 
llih, left figure - anatomy of •Y* «f h* fcr<*»-*eetloq IbrWJgb «b* vWk d tba ry*) 
figure - placing of electrode, In method, of tarring of action cwreoo la eye of fW. (e-**l?cter, 
from retina, b.blpolar, from of«lc »cr»«| 


1-opttc nerve, J-MpoJar cell, of reriaai J-jangUcn cell Jayef l-byrrefci 
Q-I'U) 7-coraeai 8-vltr*o«u hunimn 9-dlMected eye, 10-*«lve eleeVtSei 


mi aid rafa 
1 1 vwOwJ «Uc rrole 


the oral cavity and gills and passes through the gill slits <n.o 

outside through a plug. «„Hir- n *eis normal respiration. w,h * n 

Normal movement of gill covers in wale /flow should b* In * 

movement of the gill covers * ' . }J?f operating table, the form 

creased. The fish to be operated on l*j I on *** SJptaem »nd other 

and size of which depends on the t«»« « * *£ ft opera- 

vs - — « •— * 


of 0.5% aqueous solution of diplacin »™ 


chosen by experiment. * Depending on the dos^ TOrlcu* mureleB «««" 


dered inactive (muscles of the body, fins, head and branchlostegal apparatus). 
The dose should be such as not to paralyze the respiratory movements, while 


ensuring maximum immobility. , 

For the operation the usual surgical instruments are UBed (scissors, pin- 
cers scalpel). The operation should be carried out under a binocular micro- 
scope (because of the limited operation field) under bright illumination (X100 
magnification should be used). To avoid heating of the operation field by the 
light beam of the microscope, heat filters absorbing infra-red rays should 
be used. 

In studies on action currents from the optic nerve the sheath of the latter 
should be exposed. In studies on action currents from the retina, the anterior 
chamber of the eye should be removed. To this end, the sclera is exposed 
and removed, the muscles of the lens are cut and the lens enucleated. The 
vitreous humour is then carefully removed The integrity of the retinal blood 
vessels should be carefully checked. 

The operated fish together with the operating table is transferred to a 
screened chamber of the electrophysiologlcal apparatus. The active electrode 
is inserted in place In the eyeball under a binocular microscope. The elec- 
trode is best placed on the blind spot on the retina. The electrodes used are 
usually prepared from platinum wire of varying crosscction (depending on 
electrode location) sealed in glass**. 

There are two types of electrodes; 1) electrodes with a "working tip" and 
2) "hooked" electrodes (Fig. 4). In electrodes with a "working tip" the plat- 
inum wire terminates at the same level as the glass case. These electrodes 
guard from any shunting effects of the surrounding fluids and may be used 
for studies on action currents from the optic nerve and retina cells by placing 
them directly on the surface of the nerve or retina cells. In the "hooked" 
electrodes, the platinum wire protrudes from the glass tube in the form of a 
hook. In that case the optic nerve should be hooked onto the electrode. The 
electrodes are fixed to a tripod inside the screening chamber with the aid of 
mobile hlngeB. 

The correct location of electrodes is checked by the electric response to 
periodic light flashes which are directed to the eye. The preliminary study 
is thus completed. 

The electrophysiologlcal setup for studies on vision in fish may vary de- 
pending on the aims of the investigation. They all consist of three main 
parts: 1) source of light - to create light impulses of required quality and 
intensity, 2) system to record biocurrente; and 3) screening chamber. 

I* Light transducer. Construction of this unit may vary, depending 
on the aim of the investigation. In general it consists of: 1) source of light; 

2) light transformers - optic apparatuses; 3) light -measuring devices. The 
source of light may vary; whatever the source, the following condition^ 
must be fulfilled: it should have a high light intensity, all wavelengths of the 
spectrum must be available; they must be easy to handle. Cinema projec- 
tions lamps of the K-22 t type as well as projectors fulfil all these conditions. 


* Bottom itewi* n* retire * «So« ths n poU*ic ud «tive ft* 

*• the rrcpamlcxi of electrode*. lev D. Strocf, 1947. 
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Th<- IlRht-mcamjrtng device conBi.ta of, li eht receiver and a eemntive 
plvonomcter crndjaied /„ ljgftt units (to) Se- 
lan urn pholoclemenis usually eerve aa rece.ver. 
or light * Selenium elements should produce a 
high photocurrcnl (500 amperes per lumen} and 
their spectrum sensitivity should be as close to 
that of the human eye as possible 

Various galvnnometera may be used Gal- 
vanometers sensitive to 10*8 to ] 0 -D amperes 
acting together with selenium photoelements are 
sufficient to measure light of 1/100 to 1/1000 of 
lux To measure light of lower intensity, special 
apparatuses are required (they can also be meas- 
ured by calculations - the energy absorbed by 
neutral light filter placed between the eye and the 
photoelement is calculated} 

Light used In these experiments may vary. 
Various electrophysiological apparatuses are suit- 
able according to the light used The main types 
arc those which make use of a light interrupter, mono- 
chromator and Bongard and Smirnov colorimeter 
Light Interrupter Light interrupters are 
used in studies aimed at estimating the capacity of 
the eye to perceive individual flashes (light im- 
pulses) The light interrupter is a disk with holes 
around Its circumference, which may be set in 
motion with the old of a motor The number of 
rotations per minute may be regulated with the 
aid of a rheostat and measured with the aid of a 
tachometer The disk is placed perpendicular to 
the light which falls on the eye. By means of rotation, the disk allows light 
to enter or obstructs its passage to the eye (Fig. 5). 

Monochromator. Thisiso spectrum apparatus whichallows to resolve 
the desired wavelength of light from the beam Df "white light"/ and to regulate It 
according to Us energy. The prismatic monochromator (Fig 6)consistsofa ^ 
prism and entry and exit collmator/ entry and exit slits. A beam of' white light 
enters the all t of the collmotor, and the prism reflects it Into a continuous spec- 
trum. By turning the prism a monochromatic ray (segment of spectrum close to 
the wavelength of the given light) is directed to the eye through the entry slit. 

Monochromators used for electro-physiological investigations ofvision 
should have a high light power of their optics, and a high dispersion of their 
prism. Monochromators of the UM-Z and MS-Sh type are quilt 
(tor details of the production of monochromators In the USSR, sre the b 

^ with"the "id 'o/monoehromators, the apectrol sensitivity ot the *?' *» 
which allow one to use spectrum segments close to monochr m y 

... . , t , ...fnant rvM mtimoey ~ ftHof Od lectrlc ctli* fc*dluj 

. A .mplUI.- U l0a l„ 0 ( phofo/lrwlc «U» m.y b« to®* 

OB )y (mall phoeocuiraoti 10 lit* gtUtaomWt i* 

In tt« book by N Ch*chli- ( 1955) 
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The Bongard and Smirnov colorimeter (Fig. 7) is used for 
electrophysiological studies on color vision in animals. The apparatus en- 
ables one to transmit two radiations to the eye of the animal studied, one of 
which may be a mixture of light of two wavelengths. The colorimeter is a 
monochromator with several entry slits. In the lower part of the monochro- 
mator Blit (Fig. 1 on the right) plate 0 with a lower vertical Blit (9) may move 
horizontally. As a result, the wavelength of light emerging from the mono- 
chromator is altered. Plate 10 with t wo or three vertical immobile slits 
(11, 12) (the so-called basic slits) is fixed in the upper half of the entry slit 
of the colorimeter. 

Passing through basic slits, the light emerging from the colorimeter con- 
sists of a mixture of momochromatic rays. The energy of light passing 
through the basic slits is regulated with the aid of screws 13 and 14 which 
close or open thee** silts. The energy of light passing through the lower slit 
is regulated by means of a light wedge 15 placed in the grooves of the lower 
part o! the entry slit. 



1 of hffci; 2-tc*ii«DMr; 1-poIxrpM, 4 -eelorim*t§r Stil/ptner, f-ryt) ?-*air rt ]ltl 

t-lavtr mcfcll* pin* wMbilll 9, Vy-upprr Ime^obl)* pltu wit-H illit II «»f l!, IJ-M-teMw-i 
f» >*ful»n»f ll*>» ptuigt through iltu II <arf 12( 1 J-th*c&4*Ic«! light ntdge, IS-pciimld 
pUl* co *Jif» it catry <o celcr<in«((r. 

To replace one wavelength by another (light passing through upper and 
lower Blits) the Polaroid system 16 ia used. The upper slits are closed with 
the aid of the Polaroid plate oriented reciprocally perpendicular in relation 
to the Polaroid film of the lower slit. Rotating polaroid 3 is placed before 
the entry slit. Due to the reciprocoliyperpendicular orientation of the polar* 
old plate in the upper and lower slits, rotation of the mobile polaroid causes 
the light to pass either through the upper or lower slit. A change in wave- 
length is thus provided. To produce a uniform stream of light to the eye. 
the beam of light emerging from the monochromator passes through a dis- 
perser (5). a hollow sphere with its inner surface painted white. 

This colorimeter is used in studies on the capacity or the eye to distinguish 
colors and light intensity. „ 

2. System ot registration ol "action currents in the 
eyes offish, Systems of registration of nerve "action currents used in 
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elect rophysiological experiments have been described in detail by Gulyaev 
and Zhukov (1943) and Shminke (1956). The registration device consists of 
amplifiers and recording devices. "Action currents" originating in the retina 
and optic nerves of fish are represented by weak electric potentials (to 100 
microvolts). The frequency characteristic of "action currents" presents a 
curve of from 50.000 to 2,000 impulses per second, with a peak at 600 -800 
impulses per second. 

Owing to the biological properties of tissues offish, the electric resistance 
at points at which the "action currents" are measured is enormous (of the 
order of 100,000 — 1,000,000 ohms). 



ncuRI l. r.mu. „ (ub vUta , 


"action currents”. ,m- 

realatance ton. J "‘min the range ot micro-currents, high lnpu 

u,ra. 8 h ’ nd w E h amplifying coefficient (K - 106) can be 

“£Hr r ^ 

IU«« d.rte« m munuU on ,»dfcy. D ,U*„U t JBond.-Bro.ylcb, I9S0-, 



3. Screening chamber This is used for screeninc Ihe r,.h re™ 
electromagnelic disturbances during studies on "action currents ' The 
screening chamber is a wooden box lined with tin plate, and earthed The 
chamber contains the following par,, cl ihe electrephymologieTdevtce 
ai the preliminary stage of the amplifier, b) flow system*, c) exit coll- 

rHn» r nl t ( b i e f° ,0r ”" e ' er w,!h h Z M tffaperser, d) the photoelement for men,- 
uring light falling on the eye, e) electrodes 

Before placing the fish into the screening box for the experiment the en- 
tire apparatus should be checked At first the function of the amplifier Js 
checked If it is in order, disturbances appear on the oscillograph screen 
when the screening chamber is open {usually 50 cps from the line of alter- 
nating current) When the screening chamber Js closed the disturbances dis- 
appear, and the oscillograph screen shows a horizontal band 0 5-10 cm In 
width (noise of electronic lamps of the amplifier and the noise indicating 
opening of entry point). The cleanliness of the electrodes Is then checked 
For this purpose the electrodes are switched on to the amplifier, with their 
tips placed on moistened cotton wool. Jf the electrodes are clean the oscil- 
lograph screen shows no disturbances The horizontal band (noise) on the 
oscillograph screen narrows in the process The electrodes are then rinsed 
in alcohol 

Monochromatism of the light emerging from the monochromator can be 
checked with the aid of a pocket spectroscope Monochromatism of light is 
followed according to the scale of the spectroscope If the light consists of 
waves of varying length, the exit slit should be narrowed 

When a colorimeter is used, it should be ascertained that the uavelcngths 
can be changed evenly, smooth operation ol the polaroid plate on the upper 
and lower slits at the entry to the monochromator should be checked Cor- 
rect position of the polaroid plBte on slita of the colorimeter is confirmed 
with the aid of a galvanometer and photoelement. If the plate on the sifts is 
orientated correctly and the amount of light passing through the tipper slit 
is identical with that passing through the lower slit then an identical amount 
of energy should pass through the exit slit at all positions of the mobile P°* 
laroid (the pointer of the galvanometer should remain immobile), otherwise 
the plates on the colorimeter slits should be reglued 

Dispersion of light is then checked Uniform dispersion of light pa Ming 
from the sphere is checked with the aid of the galvanometer connected to the 
photoelement. It the beam o( light passing from the th.per.er is not unilorm. 
the former should be replaced**. , , 

The action of the photoelement and galvanometer stould alao be ch k d 
If the amplifier is switched on and disturbances appear on the aereen of the 
oscillograph, the galvanometer should be earthed 

Having cheeked Ihe work o[ the colorimeter, the (i.ti is , 

screening chamber and the experiment may I be < ™ 
starts with adaptation of the eye .0 the J, „ , u 

* Tfc* tmenn ol tb t Ho- ryttr-n tV tb» cV.ni 

.. .w-r - «— ■». - - — ■”* 



We have constructed the portable apparatus colorimeter (Fig 8) for studies 
on edible marketable fish earned out under field conditions. 

The experiments on vision of fish may be carried out with the aid of bio- 
currents under any conditions, if an electric current can be provided. This 
method yields rapid results and permits one to carry out experiments on tisn 
which do not react well to conditions in aquariums. 
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METHODS OF STUDY OF HEARING IN FISH 


G A. Malyuklna 


(State Uolvenity of Mcscw* im M. V Lonsonowv) 

Parker (1903) and Bigelow (1904) were the first to show that hearing in 
fish is associated with the labyrinth. This haB subsequently been confirmed 
by other workers. 

The labyrinth of bony fish consists of an upper and lower part The upper 
part comprises the utricle with three semicircular canals arranged in three 
reciprocally perpendicular planes. The upper part of the labyrinth whose 
function is to maintain equilibrium is connected by a short canal with the 
lower part which consists of an oral sac (sacculus); one of the walls of the 
oral sac forms thelagena (a considerable swelling). (Fig.l). Sacculus and 
lagena were shown to be endowed with an auditory function in carp (Frisch 
and Stetter, 1932). 

The anatomy of the ear differs in various fish species, in some species 
auxiliary auditory organs are present. 

In studies on the ability of fish to perceive sounds and on their sound sen- 
sitivity etc., the behavior of fish in response to sound stimuli is tested 
(Zenneck, 1903, Parker, 1903, 1909, Bigelow, 1904, Haempel, 1911 and 
others). This method is used at present for studies on the reaction of edible 
Ush. to sound The reaction of iveh to sound varies, it may he manifest in 
turning towards the source of sound, in escape from the sound, in general 
increase in motor activity, increased fin movements, change in body position 
or change in the frequency of respiratory movements, and others. This 
method has only a limited use, however, because a number of fish species 
show no reaction to sounds (this does not mean that these fish are devoid of 
hearing, but is may mean that in these fish the sound applied is of no bio- 
logical significance), while in others repeated application of sound leads to 
extinction of reactions to the sound applied 

The method of conditioned reflexes is widely used in studies on hearing id 
fish (Froloff, 1925. 1928. Bull, 1928, 1930, Stetter, 1929, Frisch und 
Stetter. 1932, Boutteville, 1935, Disselhorst, 1938, Wotfahrt, 1939, 
Dijkgraaf and Verhcijen, 1949. Dijkgraaf. 1950, Kleerecoper and Changon, 
1954. Malyuklna, 1B55, 1958. I960). This method allows one to study a 
number of important features of hearing in fish 

Th** choice of method (alimentary or defense) is determined by the ecolog 
ical features of the fish studied 

Sound Is used as a conditioned stimulus. This is generated with the aid 
of a sound generator and is communicated to the emitter. Since sound loses 
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To avoid side vibrations, the source of sound should not be fixed on the 
walls of the aquarium 

Prior to elaborating conditioned reflexes, the fish should be adapted to 
the experimental conditions (to the source of sound placed in water, to the 
electrodes when the electric -defense method is used, and soon). In some 
fish, especially in marine shoal fish which become excited when placed in 
isolation, this stage can last for a considerable Ume. 

The experiments are usually carried out in aquariums where the fish 
live. 

Conditioned reflexes are developed according to the conventional stereo- 
type. In some fish they appear after several combined applications of un- 
conditioned and conditioned stimuli, in other fish the conditioned reflexes are 
developed with greater difficulty. Other fish still are Incapable of developing 
conditioned reflexes to sound (Bull. 1928, 1930, Moorehouae, 1933, Frisch, 
1036, Farkas, 1036, Disselhorst, 1038, Barn, 195S. Malyvkina. 1050). 

Fishes most frequently used in experiments (carp, crucian carp, brown 
bullhead, goldfish, minnows) develop clear-cut and stable conditioned reflexes 
to sound. 

In the overwhelming majority of fish the frequency and dynamic range of 
sound perception are unknown. Hence, fish in which the organ of hearing la 
removed serve as control to ascertain whether the conditioned reflex is 
linked with the sound analyser, and is not due to some other reception (skin 


reception, for example). * t m 

An operation involving the section of the acoustic ner»e is not »»t|*nc.ory. 
since it impairs not only the hearing but also the equilibrium of the animal 
Frisch and Stetter (1933) developed a delicate and accurate method «£«•' 
movai of the organ of hearing in the minnow if’hoxt nui l»»» ■>» 
organ of hearing in carps (sscculus and lagena o' the labyrinth) ** 
below the brainstem, immediately below the loW vagUHf.SK 


Thev lie in the hollow of the cranium, separated from the brain by a thin 
bonv partition. This location of this part of the labyrinth prevents any surgical 
approach from above It can be approached only from the side, throuRh the 
wall of the bony chamber where the inner ear is located. 
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FICURE 2. Labyrinth In tnlnncv, s |cull (Frlach and Starter, 1932) 
1 -optic tectum, 2 body of cerebellum, 3-tftrlcte, 4-*accoIut, 
5-lobl vagi, 6*v»gn« txrve, 7*la*ena 


fl * 




FlCUPj; 3. Removal of <»g*a of hearing (after Fritch 
and Sutter, 1932) 

1 -berder between froctlctm and eiaccipiuU, 2-jl«- 
eoftharyngeal nerve, 3->ign* nerve 


The fish is anesthetized by placing itin a0.5T. solution of urethane, it is then 
removed from the urethane solution and fixed to an operating table. The fish 
P V*?f dln , atube lhrou E h which passes -water to sprinkle the gills and a 
0.25 To solution of urethane for anesthesia. The operation is carried out under a 




binocular microscope. The gill cover is pulled forward and upward with 
the aid of a thin hook (Fig. 3 ) A thread stretching from the hook is placed 
through a pulley, and with the aid of weight tied to the end of the thread the 
gill cover is maintained in the desired position. Muscles stretching to the 
third and fourth gill arches are dissected longitudinally (with the aid of a 
needle) and pulled aside A powerful muscular band located caudally is 
pulled aside with the aid of a blunt hook and weight. This muscle should not 
be damaged, otherwise swallowing is impaired Then the tissues are pulled 
slightly down and aside, exposing the border between prooticum. exoccipitale 
and basioccipitale (Fig. 3 ). A small opening is drilled behind the prooticum 
exactly on the border between exoccipitale and basioccipitale. This should 
be done so as not to damage adjacent blood vessels. The sacculus is im- 
mediately below the hole The latter is hooked by a thin hook, lilted a little 

towards the opening and pulled out carefully with the aid of pincers. The 

clubst pfd otoWh of the P saccu,us is also lifted with the aid of a hook toward 
the opening and pulled out with pincers. Frequently the lagena with Its oto 
lith °cannot be removed s.multaneoualy. To do this , after ^ = -d the 
sacculus a thm hook is Inserted into the opening snd directed caudally. me 

lagena with Its otolith is the «r.t 

The operation on the second labyrinth is earn 

° P “e fish which recover with 

librium may appear several days af ^ msultable , or ,he experiment. 

lnf WheTthe n fi°sh t opera r t^ e on begin to s„m and take ^. ^e established 

la verified by means of visual control. ti! . ulor 0 „ the mechanism of 
For studies on hearing in fis , electrophyslological method, 

sound perception, numerous ^ers used the V y by „ 

Adrian. Craik and Sturdy ^Vrato at the level of the cerebellum, 

exposed their cranium and *“•”* ' ^ d , rom , h e spinal cord by cMtasJb' 
Part of the medulla oblongata, is nerve were placed on a small ring 
former together with the w Tre The second electrode n 

shaped electrode made '[»” “ ™VI'r side of head. In other 
spiral silver wire. “ the ,coustlc nerve near It. exit from the_ 

Of the acoustic nerve- /or 


,e second oscillograph ^ <1043) pikes and along i 

In experiments of !Zo wer( , dissected In a sagitta r« sensorJ epithc- 
capitation and their hea acoustic nerve run " n ® f , be rs were sec- 
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Biopotentials were transmitted to an amplifier and were recorded on txn 
oscillograph. The sound of a tuning fork served as stimulus. 

In more recent works of Lowenstcin and Robert a (1 951), MtmiM, Uch y 
and Totsuka (1054), the electrophyslological method was successfully use 
in studies on the mechanism of sound perception and on the sensitivity of 
various parts of the inner car and even of individual cells of the auditory 
epithelium of fish to sound. 
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METHODS OF STUDY OF TASTE AND SMELL IN FISH 


M. P. Aronov 

{Sevittoyol St**lon of the Academy of Sciences of the USSR) 

METHODS CF STUDY 0*1 TASTE RECEPTORS £N FISH 

The function ol sense organs lor taste and smell is determined by the 
action of stimuli dissolved in water on receptors of small and taste. In hu- 
man physiology it is accepted that receptors for the sense of Bmell are 
stimulated by gaseous substances, while those for the sense of taste on con- 
tact with dissolved substances. This is not so in fish. Morphologically and 
functionally, however, the sense organs of taste and smell differ from each 
other. 

Receptors for the sense of taste in fish are located in special paired sacks, 
each of which opens into one (in Baltic herrings) or in two (In bony fish and 
ganoidB) openings. Water circulates through these nostrils when the fish 
moves forward. 

Water circulation may also be determined by special devices (Bateson, 

1890, Eurne, 1909, Pipping, 1927). The histological structure of smell 
receptors has been described by Y.A. Vinnikov and L. K. Titova in their 
monograph published in 1957. 

Receptors for the sense of taste in fish, like those in higher vertebrates, 
are located m the oral cavity, but owing to the aquatic way of life of the fish, 
they maybe located on external covers, being encountered on lips andbarbels, 
and in some fish on the entire body (Herrick, 1903. Schneider, 1931, 
Dykgraaf, 1934, Sato, 1937c, Dialer, 1953). These external receptors act 
as exteroreceptors. The most morphologically specialized receptors of taste 
are the barbels and filamentous rays of fins in numerous fish, as v/ell as the 
free fin rays In Triglidae. External receptors for the sense of taste are taste 
buds similar in structure to taste buds present in the mouth. In Triglidae 
the specialized rays of the pectoral fins contain special elongated cells which 
do not form group structures (Scharrer, 1935). 

Receptors of the sense of smell are represented by primary sensory cells. 
Their innervation comes from the olfactory nerve and the primary olfactory 
centers are located in the fore -brain. Nostrils arc also innervated bybranch- 
es of the fifth cranial nerve (trigeminal), whose endings play some role in 
perception of pungent irritating substances (Sheldon, 1909). 

Receptors for the sense of taste are represented by secondary sensory 
Mils which are innervated by the seventh, ninth and tenth cranial nerves. 
Primary taste centers are located in the medulla oblongata. Innervation of 
taste receptors of the free fin rays of Triglidae is an exception, in that they 
are connected with the roots of the spinal cord. 
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Receptors for the sense of smell play the role of distance receptors, while 
the receptors for the sense of taste are contact receptors (Parker and 
Sheldon, 1913). These two groups of receptors may also be differentiated by 
the quality of stimuli which affect them (Strieck, 1924). 


METHODS OF STUDY ON TASTE RECEPTORS IN FISH 


All methods available for studies on taste sensation in fish require i still 
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The method of preparing gauze envelopes will be described below. In control 
experiments, the sensation of smell must be eliminated. Methods based on 
giving hidden bait allow one to investigate the specific function of barbels or 
other organelles and specialized organs. 

Differentiation of taste from tactile perception In stu- 
dies on external taste perception, cases may be encountered in which the 
fish (for example brown bullhead) responds with a catching movement to 
stimulation with clean cotton applied to the barbel. Thia reaction was 
called tactile reflex by Herrick (1903) in contrast to "taste reflex". If 
stimulation with clean cotton fs repeated several times the catching 
reaction is extinguished, but appears when the barbel is touched by meat or 

this ln , mie , red meal J uicc - According to the data of Herrick, 

this response is not extinguished even by repeated stimulations. 

thJmort ^ « ls T V? be sllmula ‘ ed by various solutions discharged from a 
also be extmmTTa'’ syrl "6 e ' the reaction to tactile stimulation should 
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the brown the “ p of lha lo "? »» rbel of 

which was somewhat delayed as r- P ° * *? the stimulusby a directed reaction 
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soaked in weak acetic acid. This ability la lost in f.sh in which ihc birfccis 
are cut (Sato, 1937). 

Sensitivity of fish to taste stimuli depends cn the number of taste bud* 
per unit of area (Herrick, 1903). 

Electrophy Biological studies on external receptor* for 
taste sense. The fish studied should be devoid of the capacity to mote, 
by sectioning its medulla oblongata or by puncturing it and the spinal cord 
(curare, diplacin and other similar drugs are now used instead). Nerve* 
were exposed at their points of exit Iron the brain (hoagland, 19j2a), 
and the segment of the nerve branch exposed tor 5 - 8 mm wss proaimally 
tied with a thread, sectioned distally and tied to an electrode. This proce- 
dure should be followed so that the receptor fields remain Imnceaed tr wa- 
ter, The nerve and the wound should not be in the water, and should be 
moistened with Ringer's solution Chlorine-stiver electrode* were used, 
these were connected through two amplifiers to an oscillograph The cir- 
cuit also included a loudspeaker connected to an additional amplifier. 

Acetic acid solutions of various concentrations (from I to 20? 1), a 10^ 
solution of hydrochloric acid, and saturated sucrose solution served a* t**te 
stimuli. Meat juice was also used. Prior to application of the chemical 
stimuli the action potentials of the barbels on mechanical stimulation wlih 
feathers were tested. The solutions to be tested were slowly discharged in 
to water near the preparation and diffused to the barbel*. Impulses from 
taste stimulations were recorded on the oscillograph screen, tr- were es- 
pecially easy to detect on the sound amplifier. 



For studies on preference for various food in crucians, food cannot be 
mixed with white bread, since this fish readily eats bread. Hence meat 
homogenates were mixed with sand. Food mixtures were placed on special 
devices A glass plate somewhat narrower than the bottom of the aquarium 
was divided into four equal areas by thin glass bands. Along the edges of the 
plate, glass bands were placed so as to form four very small chambers 
whose borders were invisible after filling them with sand. The fields were 
filled with a mixture of sand and finely ground edible organisms of various 
species. The weight of edible organisms comprised 1 - 5% of the weight of 
the sand. One field serving as control was filled with pure sand. This feed- 
''' aa care J“Uy immersed in the aquarium. After the ripples caused 
* P mg "15 1 rack i f ll ° water had disappeared, the fish were placed into the 
>°‘ al nhmber of catching movements over each field per unit 
helito fish T„ experiments were carried out with blinded and 

healthy fish. This method was also used for studies on food preference in 
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a tube open at both ends was suspended. The lower end of the tube stop- 
pered with a 1.5 cm cotton plug was about 8 cm from the bottom of the 
aquarium. Inside the tube were placed 5 ml of meat juice and the desired 
concentration of the taste substance which served as signal. The solution 
gradually diffused to the bottom of the aquarium. The reaction or the t.sh 
was observed for one minute. The experiment was begun low cOTCjn- 
trations of the taste signal. With each experiment the concentration of the 

latter increased. . . tQ «. s _ 

Although this method is ol CLer (1935) used 
tablish the accurate value of cone . to transfers from an aquarium 

another method Fish (minnows) wer wUh yarioug solutions This 
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method enabled one to assess th possible in the preceding method 
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amount of sliced meat. Both envelopes are tied and suspended in an aquarium 
in which a group of fish is present, the fish should swim approximately at 
the same water level, at some distance from each other. In outer appearance 
the envelopes should be indistinguishable. In the course of the experiments, 
the position of the envelopes should be changed. To estimate the ability of 
fish to find hidden food, the number of catching movements (catching of empty 
and food-containing envelopes) is recorded. Experiments should be carried 
out for 10 - 15 minutes or less, depending on the intensity of the reaction. 

The duration of the experiment should be limited to avoid formation of con- 


ditioned reflexes to the location of food-containing envelopes. Sato (1037, 
1937a), however, carried out similar experiments for one hour. 

In the experiments with envelopes the possibility of distinguishing between 
them with the aid of well-developed barbels should be considered (Sato, 1937a), 
Control experiments must be made on fish in which the sense of smell or 
vision is eliminated, or in which the barbels are cut off. 

Studies on general alimentary excitation in response to smell is conven- 
iently earned out on fish which search for food actively (sea burbot, and 
others). D.S. Pavlov described a method (personal communication) for 
studies on reaction of these fish to smell. To an aquarium one adds water 
which has a food odor, and the time of active swimming of the fish is record- 
ed. In preliminary experiments, the duration of swimming of the fish in an 
aquarium filled with odorless water is determined. The odor of various edible 
,ar lhe ” Bh in queBlion ma y be used {In this case, 
concfiuratfn^ ‘ T eSe or e anlsms "ere kept in water for some time. Odor 
which the odor y dc P cn<Un <! °" conditions: the volume of water In 

r : h : organism 1- placed, its sire, the time ot keeping 

or assail' C,C ‘ ThlB 10 a quantitative method 

%„ 7 , 1 10 ry 8 cnsiUvity In various fish species. 

reactions or .".V™ thC Be '' Be of Dmo11 ln defense 
Frisch ( 1 941 ) desrrih d ma y el 80 cause defense reactions, 

whi chcau sV an “P" 1 ; 18 , “balances present in the skin of minnows 

method for determlnim/The ^ lnthf ‘ Be fish. Frisch developed a simple 
reaction. A °‘ B “ bB ‘ an88B causing an escape 

equal pieces with scissors and nllecd^ fr ° m 3 J' JUed mInnc,w lB cut into 
at room temperature The n a vessel with 200 ml of tap water 

alter 30mtnutes. Minnows in the'T 8 Btir red every 5 minutes and filtered 
from a tube, near which thev roll quai ii um Bh °uld be trained to take food 
the above solutioS Ire poured into thi ^ ™ of 

placed Into the aquarium and the'h'h 3q “ Briurn - °ue minute later food is 
pointed out that the defense reactS ta ° r , 0 ' i‘ Bh iS record cd. Frisch 
was noted when the Initial solutim w!Ii h f !™ ov ' s (escape from food and hiding) 
When the sense of smell is eliminated 1 U f lo l: 200 and sometimes to 1:500. 
exhlhlt a Short-lived state ot alarm ’ mlnnowB dlB P la y no escape reaction or 

and Hasler (1952) cons'tmcledi'anL* 10 ," 8 ,* 0 varloUB smells. Wlsby 

salmons to various organic odors P The' a U ° ,orB<udIeB on the reaction of 
into which four canals lead Water fir. PP 3 *" 2 * 118 consists of a central basin 
cascades down and paa8ea throueh 8 ZZl ? ^ Upper ee ^ente of each canal, 
reservoir and overflows from li^CMal T^V 3 ', ” cn,crB <be central 
compartment are covered by a'dooT wh, h ° m tbe Blde of 1,18 central 
J a door which can easily be lifted by 


pulling a wire. Salmon try are placed In the central compartment, one of the 
canals is filled with the odorous solution and the doors are opened. Fish d.s 
tributton in control and experimental aquariums Is then recorded. 

Methods ^ f ^ c o^n d i U o n e d^j ^ conditlonedVeflexes has been 

widely* used s.udtea on vanous problems co^ted with 

In fish (Strieck. 1924, Wrede. 1932, Sanders, 1940, ooz, 

1949, Walker and Hasler, 1949, and others). ^ ^ Hasler 

We shall described here the appara “ s apparatus of 

e. al. , (1054) for developing cood.tl.~d latimuUW on GOz 

Cdz Is very simple, and can '“‘ -1 the sme lls of various fish and 

studied the ability of minnows to The device consists of two 

even of individuals of one and Ihe The experimental fish (blind 

aquariums placed one above the other ll-ig i/ ^ apper aqnarllml contains 
minnow) la placed In the lower aquarium, ^hi^^ ^ l0 .„ aquarium Is 

the source of smell (crucian or u ,, u , r wh ich can be directed during 

supplied with a constant stream of pu ^ bent tube upward and 

the experiments into the upper •«£££ byturm l ^ ^ 

opening a stopcock (ohowux In Ihe . old mt0 the aquarium cuutamlag 

flow of water saturated with «* given ^ 
minnows, w 


t saturated with the given 
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o-d 

funnels fixed along two PP s downward and P ass ^ ong the bottom of 
connected with a tube wWch r«* gfl direct the waterflow^ ^ 

the vessel. Openings 1 flowing one against 111 These currents 

the aquarium. The stre j the center of the a ^ a eac h of which occupies 
backward when they meet In cha mbers. each 

form two compartment . f r0 m two separating 
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Odorous solutions are by me ans of tub ' . _ sys tem is P 8SSed 
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tween experiments. water odor. ™‘“ tarco sl >• P““< 

through activated charcoat ln flsh . Act! *te length, h haj 

elimination of olfactory ada_pt.Ua ^ .and M ^ „„„„ after the 

two wide glass columns, trained fish do 

been experimentally through such f ‘ * b side of the aq uar ‘“ f "' t des 

odorous solutions WP* s f^ placed on «»'*““ between the 

*a'ot lTS mSli“’P' r ' s °“ d 1-5 V ” 1,S 
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Experiments were carried out on fish blinded by injecting phemerol into 
the posterior eye chamber. To avoid rocking, the aquarium is placed on 
porous rubber. 

Electrophys iological studies 
on receptors for the sense of 
smell in fish. Adrian and Ludwig 
(1938) used the electrophysiological method 
in their studies on the response of olfactory 
receptors of brown bullhead, carp and 
tench. Experiments were carried out on 
surviving organisms devoid of blood cir- 
culation. The fish examined was de- 
capitated and its head was pinned to a 
rack. The fore-brain was exposed and 
lifted on a small ring of chlorinated 
silver wire, the olfactory trunk remained 
suspended in the air in the process, A 
second silver electrode was inserted into 
the olfactory bulb which was split by thin 
needles. The second electrode could also 
be inserted into other parts of the head. 

The heart was then removed. Such prep- 
arations were obtained in a matter of 5 
minutes, and then the fluctuations of elec- 
tric potentials were recorded for 30 or 
60 minutes. Under such conditions, irri- 
gation of the gills with water in some 
preparations in which the blood circulation 
was preserved did not increase the activity 
of the olfactory system. Registration of 
impulses was done in the way described 
earlier. 



nCURE 1 Apparatus let developing con- 
ditlaied rc Sexes to odor la various llih 
(after CSj, 1941) 


Olfactory stimuli were applied in two 
ways. In the simpler case the stimulating 
solution was dropped or squirted into the 
olfactory sack and was washed out with 
the aid of a stream of water. For the sake 
of convenience the cover of the sack could 
served if the inteprttv nf tu- «,.* i ^ rem °ved (but the organ was better pre- 
rapid increase in'lhem!!, f Wa f 1 ° tac,) - Injection of liquid ensured a 

allowed forappiTcluonTr a ltfol" 1 ‘7 S,lmulus near receptors, 

lies in the fact that the olfactory orra t J he draw back to thi B method 

that the recording is imsaUsfactoryf 3 n “ aC ‘ ed UP ° a ™= haa icall y . and in 
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cocks, water could be replnm-d *hv oh ° ° Bln f and opening the appropriate stop- 
fixed on a heavy tri£d7to 77°““ HqUld 'annuls should be 

latlons with stopcocks, the correct' l«MIonrfn Cannul3 durin e “anipu- 
of screws). The method of "contiLm^ 17.T was secured by means 

than the preceding stream gives a better recording 
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about 0 03 ml of undiluted phemerol is used. This procedure gave good 
results with muraena eel, for example. (Bardach, Winn and Menzel, 1950). 
Sato (1937a) blinded fish by sewing blinders from thin kid-skin to the skin of 
the head in three places. 

All operations are conveniently performed on fish wrapped in wet gauze 
and held in one hand while all manipulations are done with the other hand. 

Anesthesia. The fish may be anesthetized before the operation. If 
the duration of the operation is less than 5 — 7 minutes, anesthesia is not 
required 


German workers prefer urethane anesthesia - 0.5% solution of ethyl urethane 
(Strieck, 1924, and others). In marine fish ether anesthesia can be used 
(Sato, 1937b, 1938, Andriyashev, 1944, 1944a, 1944b, Aronov, 1959a). 

Sato used 5-10% ether emulsion, other authors found that 0.5 - 1.0% ether 
emulsion was satisfactory. 


For anesthesia the fish is placed in a closed crystallizer with a known 
volume of sea water. Ether emulsion is prepared in a glass- stoppered bottle 
by mixing ether sulfate with water (ether eoneentrat.on should be such as to 
me 6 ! Ut r T concenlrall ° a a «er it to the vessel with the experi- 


to move edi llRuflnv t ? r s ad v lne ( Cther< the fish becomes excited but soon ceases 
resTratorv movemen.1 , m , lnUl0B are su«iclent for anesthesia Cessation of 
touch s'how that the dem’h ‘ he S ‘ de ° r baclt - aad 1033 <* reaction “> 

£= 

this purpose. P WOn table * Va rious methods are available for 

noted In which Bray 0 muUets t and l ^Wt"nB del ' !tCri0US after ' effeI:t8 ' caees were 
after an operation oerformeH a 6 commen «d to take food 1 -3 hours 

in we't h gauze h InriwhTaYstouW te WraPPEd 

surgical field remains uncovered d ‘ 1 op made ° r S auze - Only the 

methods available^ Ire"^ not arw^adeou"'!' 1 ^'’ 3 !^ 80 ' 1 ” 01 ' 8 are eIIml "dted. The 
they may fulfil the conditions remilre,? wi, althou 6 h ln numerous instances 
ted by the destruction of taste buds win, E!d , eraal receptors may be elimina- 
1050a). removal of barbels (ore L . acid f (A ndr iyashev, 1944b, Aronov. 
Sato, 1937. 1037a. 1937b 1938 8 ?!,£.! ‘I? * a8,e buds) <Par ker, 1910, 
of nerves which innervate the tisfe re!? 3 * eV ',™ 44b ° nd ° thera >. by cutting 
Aronov. 1050 and others). * receptors (Olmsted, 1920; Dykgraaf, 1934, 

the water andVtaiVllp."^^^”,^ t ~ f rh‘ d ‘ hC tlBh Sre taken OUt ° f 
solution. This procedure destroys the oT W “ h 5 7 ' * hydrochloric acid 
comp etenesa of destruction of the tlste huH r , CC !f, l ° ra f ° r sevcral da 5">- ‘ho 

^ a* — 



Sectioning of certain nerve branches is the most rehabie meteor elimt- 
nation of taste reception oI “ i PP ^fev!r “Jay** preserved (to acids, for 

r^rr ; ‘jss - «— > - 

sation (Parker, 1912). ,_ n1ipd the most reliable method 

When natural stimuh such as •»- «2S? t denervation, 
for elimination of taste recepto: r rg i6 a difficult procedure. In 

Sectioning of nerve fibers in nerves must be known. 01mste< * 

each case the anatomical features gad head by treating it with 30* 

nhtarned a preparation of brown -..sMm are easily re- 


tor eiiminaiiun ux . reei0n is a difficult proc*u«x.«r. - 

Sectioning of nerve fibers in nerves must be known. 01mstc< * 

each case the anatomical features ead head by treating it with 30* 

(1920) obtained a preparation J ^ the musc les are easily re- 
solution of nitric acid. In such a p P staimn g of the nerves with 

moved while the nerves remain intact. 

by peeling o( exi , from 


bv peeling the skin of the upper r from the cranium, oucn o v 

cut by scissors at their point of «tt 'romhmc ^ > shor , , 
can be performed according to a spent P , d on one side o thl r ft h. 
though the skin. Usually the :«« ,»[' * At the end of the '^"^"icro- 
while the other side serves as ^ contl rmed under a bin 
results of sectioning of the n t nerate after 

5C °It fi should be shoVed tt^tttte^^*”^* ^ ^^t^ing^he 

raLrihersfotSets- 

Heceptors for nostrils may be wdothert! 

hating the receptors of ( s „ ^drlyashev, 10”. no ,, rUs may 

rials (Sheldon. 1809; Wunder. ‘ d 0 iners>; ft ' ^ u) . u* olfactory ro- 

Bardach et al. 1959. Ar^f/i .bread (Parker. WJW ^ lMJ 

be sewn by a ligature Myashev. 1944.; 1°‘*?’ “.TlMi! P«rker.t910, 

sette may be cauterlsed(Aod roay be cut «J* r ‘ T he oUacie>yb“ , “ 

Aronov. 19 S 9 a); the oUac“ry Andryaehev. 1944a)- e d (StrfrcV- 

’911; Sato. 1937s; 1931b. l0 r e .i, r ain may 

ray be removed <C0z. 1 withcottonor.fthcotton ^ 

sS^^SfesSSSsfe 

used 


7 , introduceu ' t .... At the , 

raselin; Wunder (l*- 71 “ ^ng of the nostrils ^tjelne rod>--_ 

vhich exactly * h ed a S fixed with ■ ^ ri ™ c i Q5 ed by ?****£<*'*. 

:ine rods were w Trout had their „ ot rccomrnen ^ wat er. 

all out of the n°st removed (Wunder). l f metal corros on in • flJ UJf<J 
which could easily b * tee flshbecaus ° ^ of aluminium 
o use metal P l “ g3 s.g 4 4 a) recommen b inccul* r 

K. P. Andrlyashev < £4 on sea burbots- ^ chcckcd under «** 



nerve of Fundulus hcteroclltue between the eyes of the fish. Best 
results were obtained when the operation was carried out without anest 
Sato (1937a, 1937b, 1938) eliminated the sense ot smell In Japanese re 
mullet by an incision behind the olfactory hollow, and In sea sbcathltah y 
an Incision behind the nasal barbel. These operations were carried out tin 

der ether anesthesia. , . A . .. 

The sense ot smell may also be eliminated by removal of the olfactory 
centers, i.e by extirpation of the fore-brain (Stricck, 1924). A. V. a 
(1955) and G. A. Malyukina (1954) used o rapid and simple method for ex- 
tirpation of the fore-bram which has numerous advantages over the patn- 
staking method of Strieck. and which can be used successfully In experiments 
with both fresh -water and marine fish. 
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METHODS OF STUDY ON THE LATERAL LINE ORGAN Or FISH 


G A Malyukina 

(State Ualvenay of Motcow ImMV Lomonotov) 


The lateral line organ of fish is a specific analysor of animals adapted 
to the aquatic way of life With the aid of the lateral line, fish perceive 
water vibration of iow fre qu ency (Parker, 1805, node, 1027 Disler, 1960, 

(Malvuklna 'toon 'Vosnt them accordin 6 10 frequency and direction 
ried out bv'th i 5 , 8 ,, Percc P t!on ° r weak streams of water is also car- 
a r , ' * 1 , al e or8an <Hofer - 19D8 - DykBraaf. 1034) as well as 

»on of stationary hard bodies (Dijkgraaf. 1947, Disler, I960) 
search for ff ^P f ‘ he laleral Iine ° r B a " pW»* fading role in the 
ta the mlmt m °y‘ n « P r ey) (Wunder, 1927, Andr.yashev, 1944, 1944a) 
system of subdei^i b0ny i tiSh the lataral 1,ne organ is represented by a 
nine alone the hnri u" the head and by two ®y mr netrical canals run- 

"cated ^ addhiL ,k 'k S > cavi,y v ' Wch organs 

ficial sense orra '-n, 2 b ° dy and head of the flsh Dre covered with super- 
car a s s i u « 1 la , 8 !,,, 8lP “ ctur<! ° f > hc lateral line in cruciansiC a r a s 8 i u s 
is innervated by branches' or the trl TbB Une or 6 an in the head of tlsh 

nerves, and on^L body L a bra^h o?Sf ^ a"? glossopharyngeal 
One of the tnethea- r . a brancl1 °f tne vagus and lateral nerves, 
that based on observations onV^ fUnC , li0n the la,eral linc or S an is 
very similar to water currents walks’ ° etc *° Vari ° US S,lmUl1 wluch arC 

of vanouseHmSrS" ", a , h are '“‘” dad To assess the perception 
in position and fins or body unde^th 6 ^ n° nS ° f the anll n“l are used change 
(Parker, 1905) turning of^bodv h 6 J afluence of vibrations of low frequency 
or water (Hofer. 1908 Wsraif 1 OT 4 I 1 * U f h 18 Squlrted wlth a thin stream 
sponse to water vibrations rrji'.li ' catching movements of fish in re- 
yashev. 1844, 1944a Disle ,g‘ d by sma11 bo dies (Wunder, 1927, Andri- 
stimulus, for which'a large boHv l “° veraents °f the fish away from the 
Disler. 1900), etc 6 dy ,n ,he wat ' : ■' ls “Sed (Dijkgraaf. 1947, 

of the Interai 11^ orga^i^Ume'nurr^d r"? Pl ° yed ‘ n studle8 on the role 
enabled us to assay the biological sl™iH J detenae r eactions in fish has 
This method is impractical i„ Sie ab, ‘ T. stlmilU P^oelved 
„»r, C . h ln r ata "«s. as well a. tor mo™ r ° claar - cul "tactions to stimuli 
sitlvity of the lateral line organ S^ST^ henl,,v « 8t “ d ics of the sen- 

gan. the method of conditioned reflexes ("method 



of training" according to the terminology of foreign authors) is used With- 
out dwelling on the principle of this method which has already been described 
in this monograph, we shall point out certain features of conditioned stimuli 
and the methods of their application. 



. <- ,940) 
FICURZt. Stmctar* of literal line to C*r*» 

S-pr.op.tcuiom^.dibul.TCwJ, tma. 7 


Weak water currents and w * 1 "' 1 ]' lb ” l n°”tlonsn«y M generated with the 
quency serve as conditioned stimuli. motor Is fixe d on a rubber s 

aid ot a simple device A noiseless shall with . M» »< K> 

ket. Rotation ot the motor IS c,,m ^ un g 0 , a trams with a P 1 ' 1 * 81 ”" 
tip. Rotation ot the latter causes vlbr * U ^ end o( the rod » our”P' rl 
rod. The amplitude ot » s oRlationsot the lows * ^ ^ spe ed ot 

ments (Malyukina, 1955, 1 ®, 58 *h »h e aid or a rheostat. Betore e ned 
of the shaft can be regulated "‘‘b th ' ed lD the aquarium and s 

. L _ md should be i™ 1 ”'”' 0 , stretched oier n u» 


meut. the plexiglass a an,, opaque 

from the fish. A rigid frame -hown in 

serve as a screen. Bue eested that the appara 

Kleerecoper and Changon (1 w-frequency vibration . 

Figure 2 should be used for 

A metal box (1) is covered with r^er Cup (3 ) j . p >£* £ ^ 

and rubber cup (3) with a thin P vibrations. Tubes ( <er> To 

aquarium and serves as the ao “ ent i r e system is flUe f * ir a ( r bubbles 
lar cups in other aquariums. gion a nd expansion o -L^ted ’ rlti 

eliminate sounds caused by comp Membrane (2) 1» 

are carefully removed from « L^hich the needle br an electric 

rod (8) of a sewing machine Pulley which is set In mo ^ tld of » 

The flywheel is replaced by a Ff lg regulated wi 

motor. The speed of rotation o d by the conven* 

“•tinned reflex 

tional methods. Experiments are 0 f .ppUe.*** 

perimental fish usually lives. 


stimulus the distance between the fish and the vibrator should be always 
the same If the vibrator produces even the slightest noise or additional 
vibrations one must check whether the conditioned reflex is not directed to 
these stimuli For this purpose the vibrator is switched on but no vibra 
tions are produced and the reaction of the fish is noted If the fish does 
not respond to this stimulus the experiments can be continued 



j lfy . V '. helher the conditioned reflex is really from the lateral line 
If roni other sense organs control experiments are required 

He h r, a 1S U! " ;d r ^ vc th = frequency of sound (or close to it) one meat 
tinned reflex ro^K Mrined ° CS Pot P ar “c>P a tc in formation of the condf- 
torv sccmcnt nr th i purpose m experiments or long duration the audi 
SrS and the n ‘ S rcra ° vl:d (for '”c«'° d °f removal of the 

To checl ?r th a ls , testcd for “>0 appearance of the reflex (see p 280) 
the^aterariine oxel n PPli,:d “ rC " 0t POnce.ved by shin receptors 

lion (Frisch SdXVr 'm 2 T 11“ b ° 8t d ° Pe by dd " erVa 

urethane The anesthetized fishes tak h 1 r' aC ° d "“° solutlon ° f 
fixed on the operating tab^ A nlnj.1t °, »PnpPcd In wot gauze and 
this tube pure water or 0 21 ” ,ub ? ‘ S P Ioced ln mouth Through 

pending on the depth of anesUiesta^nther °" ?s U "; elh,!ne ls Perfused de 
fish Is placed Into a 2*- , Cthl!r ■■»’theala may also be used (the 

To expose ttie lateral nrrv ° P cther su l fate in water for several minutes) 
cover ,h£ld be „oe„eTa"d ^n^LtH P ° m rr ° m lho * I '“ U «“ P iU 

arch (somewhat to the right of the hn' 1 Musclcs W"® ov cr the fourth gill 
thr root of the lateral nerve tt,i U ° r * are se P arate d by hoo/s exposing 
nal branch which form* n, 18 ” crv * should be sectioned so that its dor 

should be below the cut A« » ° Cn ! ry ° r the la tcral nerve into the skull 
ard tree lying organs ot one alde’or’th n‘l °P <!ri,tion al > lntracanallcular 
generation a. groat a segment or th 8h orc eliminated To avoid re- 
serment of the nerve as possible is removed 



Nerves which innervate the eanal and tree lying sense orga, ns of the thaad 
are sectioned in several steps The gill cover is polled aside “ '” r “ |>f 
sible and the opercular branch of the tacial nerve on the inner side 
gill cover is cut near its entry into the skuU _ _ , tltm lotoral 



ne«ve) 


cull 

Fibers of the nerve of the lateral 
line comprising the trigeminal nerve 
are located Inside the eye socket In 
trunks of the ophthalmic and intraor 
bital nerves (Figure 3) To cut these 
branches the eye hulbs do not have to 
be removed as proposed by Frisch “" d 
Stetter The intraorbital nerve bran 
ches may be cut it the organ ot vision 
is fully preserved For this purpise 
the conjunctiva Is cut around the eye 
its lower edge 1. held by anatomical 
forceps and the eye bulb is pulled 
Howards The thin muscle layer ot the 

tower part of the eye socket Is separated 

by small hooks and th. IntraorbM 

4^^^n n ^, r ot ! »d. T ndcu^ 


out on the aecond eye die supra 

leaves me ■ « > « „ ln me vicinltj 


temporal oanals and amen g-J t^SSa 

of these canals intac * ,®'2| are therefore eliminate .“behavior from 

tesUnJ p°re'vlously ds” 10 !^ “eflah must be dissected to cheek whether 

meaSronh: 0 *.'^^* 1 '"^ 
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Hoagland (1933, 1933a) sectioned the central nervous system at the level 
of the medulla oblongata before the experiments. Skin and muscles above 
the lateral line canal of the body were dissected, and a 1 cm segment of the 
lateral nerve was exposed, ligated, and the proximal nerve end cut. The 
fish was immersed in water so that the lateral line organ of the body was 
covered with water. The nerve was moistened by Ringer's solution and 
hooked onto chlorine -silver electrodes. The electrodes were connected 


to the oscillograph through amplifiers. A loudspeaker was included in the 
circuit through an additional amplifier. 

Schriever (1935) placed the fish in a urethane solution (5g urethane per 
1000 ml water) before the operation. The anesthetized fish was fixed at 
the bottom of the vessel as shown in Figure 4. The lateral nerve was ex- 
posed and its proximal end hooked onto electrodes. After the operation, 
the urethane solution was replaced by fresh v/ater in which the fish became 
alert The water should be replenished several times in the course of the ex- 


periment Schriever pointed out that respiration and circulation of the op- 
erated fish should not deviate from the norm, disturbances in respiration 
and circulation result in a decrease in the sensitivity of the lateral line or- 
gan Tapering glass tubes filled with Ringer’s solution for fish* served as 
electrodes The thin end of the tubes was plugged by cotton wool. From 
the other end a chlorine-silver wire was inserted Biopotentials were re- 
corded in the same way as in the experiments of Hoagland. 

In these experiments the following stimuli were used, light touch of the 
skin above the lateral line canal with a bird feather tip of Frey hairs, stream 
o water directed into the region of the canal; water vibrations of lo w fre- 
quency, vibration of vessel walls, temperature and chemical stimuli. 
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METHODS OF STUDY OF BIOELECTRIC BRAIN ACTIVITY 


V.l. Gusel’nikov 

(State U aivert kty of Motcow itn. M.V.LomonO*Ov) 


For investigations of the laws governing the activity of the central ner- ^ 
vous system numerous physiological laboratories use the electrophysio ogi 
cal method 

Recording of biopotentials from fish brain is connected with a number 
of technological difficulties. Following is a simple method for recording 
bioelectric activity of various segments of the fish brain in short- and long- 
term experiments. 

1 Recording bioelectric potentials of the fish brain 
in short-term (acute) experiments. Almost all experiments 
on the bioelectric activity of the fish brain were carried out under conditions 
of acute experiments or even on brain preparations (Adrian and Ludwig, 19 3 » 
Buser, 1949, Woldring, 1950, and others). 

The results obtained with brain preparations isolated from the skull and 
devoid of blood circulation (in preterminal stages of life) should be inter- 
preted with caution This has been pointed out by those scientists who ap- 
plied this method For this reason we shall not dwell on the methods of ob- 
taining the brain preparations and recording their biopotentials. 

We shall describe in greater detail the method of recording of fish brain 
potentials in acute experiments 

The fiBh should be fixed in devices of two types. Woldring and Dirken 
(1951) and other authors fixed the fish in a special vertical plate constructed 
as a splint which fitted the fish body and was provided with openings for gill 8 
The fish was held by special collars which encircled the fish body in several 
places. Water enriched in oxygen was perfused into the mouth of the fish 
through a special cannula. The fish fixed in this way was placed in the 
aquarium with its head above the water surface. Urethane, nembutal or 
other drugs may be used for anesthesia. Narcosis, however, often re- 
sulted in cessation of respiration and death of the fish 

In our experiments we never used anesthesia, instead, the fish y/as 
fixed in a special device provided with a special head-holder (Figure 1). 

This device prevented any dislocations of the electrodes during respiration. 
The device for fixation of the fish consists of base (1) and arches (2) of 
thick brass wire which may easily be twisted into any form. Each arch can 
e moved around its axis completely freely in relation to other arches This 
allows one to fix fish of varying size When very large or very small fish 



are to be fixed, the arches may be removed and replaced by shorter or 
longer ones For this purpose each arch may be easily 
hinge (3) In addition, the base of the fixing device may hold any number 
of hinges which enables one to fix fish of any ength To do thm ft !•« 
ficient to add the desired amount of hinges with arches The hinges 
tightly connected with each other by a nut (5) 




fixation lies in that the head is rigidly fixed while allowing free access to 
all parts of the brain 



FIGURE 2 General view of f!«h fixed In the fixing device top-view 
from above, bottom— lateral view 


The fish together with the fixing device and head-holder is immersed in 
a special picxlglaas aquarium which is filled with water. The skull of the 
fish should remain above the surface of the water. The skull is then care- 
fully dissected, the fatty layer is carefully removed and the brain exposed. 
21 E jeMration in fish we have used 1 ) a piezocrystal; 

with aTubber ”“ h coiI 11 Th = <= lU cover is connected 

Plezoc^rtal 7 . T'h V7 CapSUlC by means ot a thIn oilk thread The 

movcSs ?„° n lhe inncr eldo 01 the Marey capsule (Figure 3). All 

record o„ ri^p B oLin V o C g r r S ap a h r<: though the piezocrystal and 

cordine tfc 1 * 10 *! ia Preferable, since it gives more accurate re- 

cording of all movements of the gill covers. This method is based on the 



fact that the thermistor is fixed at the exit tube of the Marey capsule (Fig- 
ure 3). Respiratory movements were recorded by the method of A A 
Volokhov, V.I. Kobysh and E.G. Novikova ( 1956 ) based on movement of 


air in the capsule. , , 

3) The third method of recording involves the connection of ‘ he JJ® 
with a miniature solenoid through a silk thread and a p ey ® . 
can move along the coil (Figure 3). The terminals o e co ermeter 

to the amplifier. Solenoid and coil may be replaced by a smal P ^ 
The gill cover is connected with the pointer ot the a |” pe "“’L. -L. m c0 „- 
a silk thread. The entry points of the terminals ot the a p 
nected with the input terminals of the amplifier. 



FICURS 3. ,or ' eCOrdi °* 

1-gUl cov*r, 

9-polUty: ifr-ihla •«»**• 



Jn our experiments with fish the aquarium was fixed on a MM-1 micro 
manipulator (Figure 4) or on a specially designed stereotaxic device or 
lower vertebrates (fish, amphibia, reptiles, birds and rodents). For ob 
taming biopotentials from the brain surface it is convenient to use micro- 
manipulators, since two pairs of electrodes can be fixed in its tripod bacn 
of the electrodes can be moved separately (Figure,4, 1 and 2). Brush elec- 
trode made of a cotton thread, inserted into a thin spiral from platinum or 
chlorine- treated silver wire, served as surface electrodes. 



J” t \ xper * TT,cnlB **th fish it is extremely difficult to use the monopolar 
me o of recording potentials In this case the electrograms from all 
Dram parts arc complicated by vast artifact waves and discharges connected 
? n .i rr rator y movements of the gill covers Numerous authors (Cngcr, 

/ 0 ' herB) noticed similar artifacts in electrograms of fish and 
certain amj lnbia 

i - c i tctr ° deR art moistened in physiological saline and placed on the 
iram For obtaining of potenMals from the deeper part of the brain with 



m 



1 1 or 1 20 the electrode may be inserted (by means of a conventional mien o 
meter) into the brain of the experimental animals with an accuracy o J 1 
Such micromanipulators may be used m experiments wit i er parher 
The method for preparing immersed electrodes has een esc _ 

(Gusel'mkov, 1957) and consists in dissolving nickel c om exoeri 
trolytically Oscillograms of fish recorded in short erm a 
ment are illustrated in Figure 6 fl3h j, rain 

2 Recording of bioelectric P">'f^ |i ‘ n " 19ss) and eubse 
in long term (chronic) experiments . ephalogra ms 

quently Enger (1957), have succeeded in obtal "J"f . hronlc) experiments 
from some parts of the brain of fish in long ! Je elec trodes the fish is 

with the aid of inserted electrodes For inse g removed the 

fixed m a device described above The skin o e Holes are then 

skull is defatted by ether and alcohol and car , ofthe skull (for each 

drilled with a watchmaker's drill in the appropria p h the6e holes the 

species the calculation must be done previous y electrodes are sealed 

electrodes are inserted until they touch the ra.in of wa x and vaseline 

with phosphate cement (used in dentistry) an t h e aim of the studies 

Deflecting electrodes are of two types, e P* the me thod described 
If the experimental fish can be fixed in the e , j 5 cm protrudes above 
above, the electrodes may be inserted so that y Unu m or chlorine silver 
the cement In such cases we have used the £J red w uh lacquer along 

wire with bulb shaped thickening on the end an d protrude above 

their entire length The fish is so f«ed and connected »>th 

the surface of water The electrodes are caret My a re held >" 

the entry of the amplifier by means of clamp 

position for a long time esper.ments m ^ich >' “ “ “ectrodes 

— ,o A*!£ «»■> tor r d 

of somewhat different EM i e d to the 

A light, lacquer 'soiated the opera 

; #jjayglliil«li.1 upper ends of lhc carefully covered 

PM IS 

war or vaseline acd placed too 

HCURE7 FUh with ln»ert*d elccaodt* g 
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OPEI1AT10NS ON DRAIN OF FISH 


G A Malyukina 

S'SSSr 5 

strsassn: 

virtue or its structure and localization the in 

‘ n *FPr operations on the ““^.Ve »“ *">=“ »“ h 

S.U?»“P b y into a ««»'*“ 

When the fish is taken out^f th^ ^ wrapped in * et 8»« e ^ ^ 

a matter of few minutes the 6 jte of incision, . imxne diately 

hand The sUn J*/®!?,? ! orc€ ps The hole should be oea t j saue which 
made Into the skull with h lctl i B to be removed Fatty H f , ny 

above the segment oi ‘ e d aBi ee, if possible! Dr r the operated 

covers the brain should be P “ ® Rer , bc operation to oove P rf a pjpet 

r... „r lha brain No tampv -emoval 


hemorrlia^e^l^pe^^F^h^kPfho^fo jg athsrty ®® 1 ^®^ ^j^o^twee^the^cre- 
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brain and Inter-bra 1 " hemispheres »reP^ „ e shred and poured 
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mat me st»'® h »„ n ie HouTn the ”“STer ““operation the W **» 

newts.—' t®^ 3 


267 



indistinguishable 
utes, so that few 


from the intact fish. The operation lasted several min- 
postoperative complications can be expectc . 



A 


B 


Bfiin cfCarastius ClMIllul 

I— corpora «trlaU (btroliphcrei of fore-brilc), 2— Mcti 
optici. 3— corpus ccrebclli, 4— lobl vigl, 5— valvula 
ccrebclli. 


After removal of the fore-brain the fish is placed in water and immedi- 
ately begins to swim. It ia # however, leas mobile than normal fish, al- 
though it keeps the ability to respond to stimuli with rapid and energetic 
movements. After some time (from several hours to two days) the fish 
begins to take food actively. 

Tccti optici- one of the most developed parts of the brain in bony 
fish. Divided by a longitudinal groove, they form a vault under which the 
valvula ccrebclli is located. The structure of the tccti optici and their link 
with other brain parts as well as the closeness of the utriculus render their 
removal difficult. 

Having dried the brain surface, the tecti optici arc divided along the 
median line (this should be done carefully so as not to damage the valvula 
cerebelli). Then one tectum after another is lifted with the aid of thin 
anatomical forceps, without pulling up the brain, cut around by Wecker 
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scissors, end pulicd out from 

to removal of the segments of t e ec ^ where severe hemorrhages^ 

vicinity to the inter-brain and corpus d r hemorrhages do occv 

which arc arrested with difficulty may be «»^» rwnov#d wit h thin anatom 
thrombi should be allowed to form, and i c ed wllb Ringer's solutio 


to removal of the segments ui „„ri>belli where severe hemorraa t 

vicinity to the inter-brain and corpus d jf hemorrhages do occur, 

which arc arrcBtod with difficulty may rcmovcd with that anatom! 
tlurombi should be allowed to form. * rinsed with Ringer’s solution 

cal forceps The surface of the bra " bee n completely removed. 

One must ascertain whether the «e ^ P w>m lh in anatomical L>br«M 
the remaining segments ‘^ d b ° " remove d, are blind during 0* W 
FIsh.the tecll opticl of * hlc a “„ mlo , b e aquarium walls. » n “ * 
days alter the operation, they ? entat0 wc u when in thetr .”^ , [uch motor 
time, however, the iish beg there ar , certain 9 P e “ I J““ s m around their 

Among the fish opera e 1 . operation Such f s their side 

activity increases m.rhediy af er 'he ope 9 ^ ^ „ a , r and ! - 

ids. arc exhausted and swim >0 the « eated These phenomena 


Among the fish opera .. operation ouen i their side 

ctlvity increases markedly £ur { 3C c of the water an ibed by 

,xis. arc exhausted and "““.“parted These »f the 

Uter some time this P roc0 “ red by so me to result S*tS phenomena re- 
leveral authors were cons rc inclined to think tha b f des truction 

unctions of the midbrain We up 0 f confirmed 

;ult from certain central damag ,p Tbls assumption b ^ “ d 
ir disiocatinn of the l» b y ° ^. .cV v have sometimes been observ 
,y the fact that similar disl lls parts rOT alned in good 

•emoval of the cerebellum or som^ , b e rem 

When the operation is e „ 0 led. parts. lb e c°rpu 

londition and no disturbances w cdns l,ts of tw ^ wt hest par* 

The cerebellum of MM The corpus ce f', b ‘ „ e duUa obloneatx. 

la made’on^tho'bordcr^be^ween the ^ in ,„s opUJ -mr- 

C ° r The vaivula^ccrebeUi^is^o aa abbb s^iWe ' 

culum of the b “ l "' tn “ lb od for re ? , ° V ^ipation of the *slvul (te te e,um 
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bottom. » t ‘ e . r ^veme»»'^ £ e^ l» a”” 5 * 11 

ordination of ^“ renisiW 

disturbances wo* 
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and disturbances of vision and of the lateral line organ. On removal of the 
corpus cerebclii, the fish lies on its side at the bottom of the aquarium. 
After some time it begins to swim, swaying in its movements and bumping 
into the aquarium walls. 

Fish from which the corpus cerebelli has been removed, display motor, 
sensory and trophic disturbances. Ulcers appear, scales fall out, and fin- 
ally the fin rays fall out (Karamyan, 1949, Malyukina, 1954). 

Removal of the valvula cerebelli causes less severe disturbances In 
motor activity than extirpation of the corpus cerebelli. Sensory functions 
are damaged more on removal of the valvula cerebelli than on removal of 
the corpus. 

Several days after the operation the motor and sensory activity of the 
operated fish gradually return to normal. 

If extirpation of the brain parts is combined with the development of con- 
ditioned reflexes, the fish which display recurrent disturbances should be 
excluded from the experiment. 

At the end of the experiment the fish are killed and the results of the 
operation are checked histologically. 
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EFFECT OF 


LIGHT INTENSITY ON THE 


BEHAVIOR OF HSH 
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these filters can be determined with the aid of a selenium photometer- By 
arranging one or more light filters, the desired light intensity is obtained. 

The light intensity can be checked with the aid of a photometer (with strong 
illumination), or can be calculated when the illumination is weak. Changes 
in light intensity should not occur by switching on electric lamps of varying 
intensity and at different distances from the swimming pool, as Battl et al. 
(193G) did, since this method does not ensure uniform light in the various 
parts of the swimming pool. It is also not recommended t<? change the light 
intensity by varying the current intensity, since on diminishing the latter 
strength, light of the electric lamp is shifted towards red which is often only 
weakly perceived by fish (especially by marine fish). 

Light conditions in boxes. It is more convenient to place small 
fish in special lightproof boxes. This can be done in two modifications. In 
the first modification (D.S. Pavlov, 1959), used at the University of Moscow# 
the aquariums were considerably smaller than the boxes-a special recess 
lined with white tiles and closed by doors, impervious to light. Inside the 
box the above-mentioned reflector was bo placed that it was directed towards 
the ceiling. A selenium photometer was fixed on the aquarium wall with 
wires which protruded outside the box. Light intensity was checked by means 
of paper light filters placed on the reflector. 

In the second modifications, developed in the Laboratory of Ichthiology of 
the Institute of Animal Morphology, special boxes which could be fitted on the 
aquarium were used. First experiments were carried out with cylindrical 
boxes made from white tin plates provided with a lid (Figure 1) (Girsa, 1959). 
Bach box had two holes: a side hole with a black sleeve for various raanipula- 
tions (adding food, taking out nets, etc.), and an upper hole for light. In 
short-term experiments daylight was sometimes used. More frequently, 
electric light was used. Light which passed into the case diffused from its 
gray walls. To change the light intensity, the upper hole was covered with 
neutral light paper filters. If total darkness was desired, the upper hole 
was covered with black paper . Light Intensity was checked by a photometer 
placed on the aquarium wall. A circular aquarium was used. A very simi- 
lar aquarium was employed by Jones (1955). 
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Quadrangular aquariums 75-80 cm lung, 40 45 cm wide and « « ^ 
high have recently been in use In the Laboratory of Ich yd 
tuto ot Animal Morphology tor studies on b ,',„d boxes 

predatory tlsh The aquariums are covered -J J£ e bo « 3 „ 

90 cm long, 60 cm wide and 55-65 cm high plywood case have 

removed. They are covered by lids Slde ^ h sm £ u blac k sleeves 
two observation holes The holes are prov center 

and sliding lids. The lid of the box opaque 

provided on its inner side with a sernisp hole-somewhat on the 

glass, and serves for passage of light t e 0 ^ hole f or the light a metal 

side— serves for various manipulations intensity can be varied by 

reflector with an electric lamp is placed UgW The outer walls 

means of light paper filters, and choc disoerse the light If complete 
of the case are covered with white wer « ^ 

darkness is desired, black paper or ac djeg on the effect of lig 
The boxes mentioned abovo were organisms and their consump 

tensity on the availability of differen e e a i s0 made on 

tion by planktonphages and predatory ** ^ous «sh Water temp^ture 
effect of light intensity on motor che cked in these experime 

and its oxygen content should be carefully check 


Studies on the Effect of Light Intens.t, “ ^ &**** 

number of fish After a given ^ Eurv ive is counted, a d t con 

number of edible organisms whi determined 

edible organisms eaten by the s exhausted 

ditions should be fulfilled _ . u „ nor v but not starve . J ,„ (I on tbe fish 


The net is placed in the aqu &dded daphnia o ® llfte d out ^ gpr0 

The net contains the fish a" the net, the n 1 secon ds) *7 the eX - 

By drawing the strin Sa tt ® c J ermUia ted (during^ 5 af{er the pre - 
and the experiment is abruptly d vo rac> experiment s . ^ te r 

cedure is omitted, the fish Mjg ofalaIn ed d o not feed at 

periments. and erroneous re since these fl ^ e c0U nted , dbe trained 

datory fish nets are superfl sur viving B* rea nisms fih 30 piinutes 

the end of the experiment edible org^ o.u^V 30 val lin« 

3 Before the experiment he ^ (6e expert^ condih p d lK or- 

to the light conditions P rev ““ c B dl ble orgam B “ s “pits Gir ** £££«" 
are sufficient In train fish and emm re ce»t «' For 
during the experunent (Gina. V 85* ^ experb»e» 
ganisms studied for one ho 
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plankton-eating fish the former are counted and placed in a small vessel fil- 
led with water which is placed in the box above the aquarium. Light of thede- 
sired intensity is provided, and after a period of adaptation, a string is pulled 
which throws the vessel with food into the aquarium. This is the beginning of 
the experiment. . 

In experiments with predatory fish, small edible fish are placed in a simi- 
lar vessel or in the aquarium behind a sliding partition. One compartment con- 
tains the fish, and another the edible organisms. After adaptation the partition 
is removed and the experiment begins. The latter is the choice for studies on 
nutrition of predatory fish, since the behavior of the edible organisms of the 
beginning of the experiment is undisturbed - a decisive factor (Manteifel 1 and 
Radakov, 1960), 

4. The ratio between the number of fish and the number of edible organ- 
isms they eat is established empirically. The fish should not eat more than their 
daily ration. 

5. The duration of the experiment is determined empirically. The fish 
should be given time to feed on all or nearly all organisms added. Sometimes 
the experiments are very short. Five "verkhovka" (Leucaspius delinea- 
tus) in strong light can eat 100 daphnia in 30 sec. In these cases the experi- 
ment should be prolonged (Girsa's experiment lasted 5 mm). With predatory 
fish the duration of experiments is usually 15 mm. Experiments with little- 
motile fish (sheathfish) may last 30 -60 min. 

6. If light conditions permit, behavior of fish and their prey should be 
watched through observation windows. For observations in weak light the in- 
vestigator should adapt to the conditions by first sitting in the dark for 30 - 
40 min. According to 1. 1. Girsa (1959), cancers Harpacticoida are visible at 
about one lux, still visible at 0.10 of a lux, and invisible at 0.01 of a lux. Saitho 
fry 6 -7 cm long are clear at 0.1 of a lux and discernible at 0.01 of a lux. 

Following is a modification of this method. Fish are offered food suspended on 
very thin silk. The time between the moment of suspension and being eaten is re- 
corded with a stop -watch. Thebehavior of prey thus suspended clearly varies 
from that under natural conditions. The resultB of these experiments are expres- 
sed in te rras of numb er of o r gani sm s eaten per unit of time (mva rying light inten - 
sity). To obtain comparative data, fish activity at various light intensities is 
expressed in percent of activity at optimal light conditions. 

STUDIES CN THE EfTECT CF LIGHT INTENSITY ON THE MOBILITY OF FISH 

Forthese studies, fish are put mthe aquarium, which iscoveredby a light - 
proofbox, and trained for 30-40 min to the experimental light conditions, their 
mobility is recorded, by methods which may be mechanical (Jones, 1956,Pro- 
tasov and Bobyreva, 1959) and photoelectric (Protasov and Mitrokhin, 1959). 

Mechanical recording. The mam part of these devices is a mobile 
pendulum-shaped contact (Fig. 2). At the end of the pendulum-content a 
celluloid wing is fixed, and the contact is placed in water By swimming 
near the wing the fish causes displacement of water particles, and by shifting 
the mobile contact from its vertical position brings about closure of the 
electric circuit. The latter consists of a battery and counter from the auto- 
matic telephone exchange, which functions at a current of 20 -SOmilliam- 
p e es. Electromagnetic recorders may be used instead. Closure of the 
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electric circuit causes a new ,Mrl '“ i PP '^ °° u'vityd this recording 
on a moving paper strip of a k S™°e r “P contact and of the moving cel 
device depends on the inertia of the pc • ^ d stationary 

luloid wing, as well as on the distance between the ^ aad 

contacts neductng the diameter of toeingc IJ* iCCOtiagta the size of 
selecting the appropriate size of the i cellu id blle 8 and summary contacts 
the fish, narrows the distance betwe f f lhe recording device The 

thus resulting in an increase in the sens t J ^ (l0 „ response) of the 
main drawback of this recording evice ,, h j yerkhovka . anchovy an 

pendulum contact Many species o om it8 vertical position so 


others* are unauie 10 r~ 

their movements remain unrecorded 



FIGURE 2. AppmW !<* 

1— iquuilutn 2 -ooblUtM^ J '^ j4lt „ .tajrtog- l'i u “ oc * 
mtih wlic 6— b«tl»ry 7 -counten 

COX-tKU. Kriuin of jtS aFinS 

e to hapo^ con 

A pendulum contact P>a« d « ’ MU 

more sena.t.ve (Figure * o ^ lh . "’"“closure »' M ‘‘W ")' 1 " 5 
ct la located around the «W* >d win g lead " .. lct are due e „ideri»g 
ightest deviationa of 1 ' , t6 is recording [ast emng (s ’‘ B its .ensUl* 11 * 

at The main drawbacks ge ment 0 Iow er 

i handling, and to ita uP= c ' S ‘„ ao ,entous wires) « be u6 ed 

.a pendulum contact to two “»■” and kymograph" 

imewhat „ ^change counter uve c „n 

Both automatic-telephone or iling dc ” „ r k on the 

ir recording rec ord.ng They* 11 * 

Photoelectric r " e °_ c „ s ,tivc (Fie”" 
iota and are therefore very 

hotoelectric principle 
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FIGURE 3 Photoelectric device fct recording ractoc activity ifl liilu top-«cheme 
bated on vacuum or ^ax-dlUd photocell, bottom -tcheme bated on temlconductor*. 

Ph— photocell (ttC-1, ttC-2, uG-3); Cut- counter (20 to 40 mlUlamperMjj T- 
tyration (TCI-0.1/L3); C- capacity (2-gpF y Tr - o am former for 6 3volu and 
0.6 ampetet, R*- 1-tOmUlLobm, Rl - 1 KohnU, R2- 2 Kohmt (1 wattfc Rj* lOOohm, 
Pr-poUrUaUonreUy (RP-4), T* 17,220,287 (actuating current 4S-lCDma); TTi-tlialo- 
phlde pbotorerUtor, SR -semiconductor itctUlet - diode (DGTs-24). 

Photoelectric cells or photoresistora (photorelays) are placed along the 
outer walls of the glass aquarium along a vertical line. At the other side 
a light source is placed which transmits narrow beams of light to the photo- 
relays. Fish do not perceive the light transmitter because of light filters 
placed in front of the light source. The filters transmit light within the 
range from 760 mp to 950 mp. The pbotorelay circuit consists of photo- 
electric cells or photoresistors, of small photomultipliers and telephone 
counters. When the fish swims through the ray of light, no light falls on 
the photoelectric cells and photoresistors, and this is recorded by the coun- 
ter. In Figure 3 simple electric circuits of a photorelay consisting of a 
photoelectric cell and photoresistor are presented. 


STUDIES CM FISH BEHAVIOR IN THE DARK AND IN WEAK LIGHT 

In some Instances it is desirable to study behavior of fish (with organ 
of vision intact) in the dark or in weak light. 

In his studies on spectrum perceived by fish taken from the Barents 
Sea, Protasov showed that in many fish (cods, haddocks, capelins and 
others) the spectrum perceived is shorter than in man (in the region of 
long waves). Exploiting this property of fish we have developed a method 
for studying the behavior of fish in the dark. By using the part of the 
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spectrum which is not perceived by fish but is perceived by mas it is pos- 
sible to watch the behavior of fish in the dark The expenmen s o 
out in a dark room. Light from an incandescent electric bulb s tough 
a Shott or interferentional light filter connected with a 
transmits broad beams of long-wave light radiations ^ r ’. re dradiahon 
In the U 3. A. an attempt has recently been made to use infra mt rw^ ^ 
for studying fish behavior in the dark (Dunkan, thln layer 0 f 

complicated eqmpment and also limits } h !° b “™ ) is also alrongly 

water (because of strong absorption °' *, y the method proposed by 
warmed by the special lamps used. In thi P 
us is much simpler and closer to natural con 1 
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METHODS OP DETERMINATION OF OPTIMAL LIGHT CONDITIONS 


V.S. Ivlev 

£lok>siCil Sution ol U* AciitmY ot ScUdccs ol I i* USSR) 


Light, as an ecological and physiological factor, is almost of the same 
importance to fish as temperature. Numerous vital processes take place 
under the direct or indirect effect of light (development of reproductive 
system, vertical and other migrations, intensity and nature of nutrition, 
and many others). Light is also of great importance for the solution of 
practical problems in the fishing industry. Let us point out the role of light 
in various methods of fish catching and as attraction of fish by light, light 
barriers for some photophobic species (lampreys and eels) as well as for 
ecologic physiological reactions whose knowledge is indispensable for the 
fishing industry. 

Various aspects of the effect of light on fish can be studied' these range 
from analysis of photoreceptors to the estimation of the effect of light on 
the behavior of individual specimens or smaller or larger fish Bhoals. 
Attention has recently been directed to the analysis of distribution of fish 
in light gradients. In these cases the light intensity chosen by the fish can 
be quantitatively assayed (the fiBh is offered lights of varying intensity, and 
mobility of the former is not restricted). The results are expressed in term 
of luxes, Le., area density ol light beam of 1 lumen uniformly distributed 
over an area of 1 m^. 

For the experimental determination of optimal light intensity, a number 
of apparatuses producing a light gradient were proposed. The simplest of 
these apparatuses are chambers in which one end is darkened while the other 
is illuminated to a certain degree. In such a case we clearly cannot speak 
of gradients, and these apparatuses allow only for a qualitative estimation 
of the reaction of fish to light Such apparatuses were used by Steven (1955), 
T.I. Pnvol’nev (1956, 1958) and others. 

Of great interest are devices which allow one to obtain stable gradients 
of light. The first apparatuses for producing a light gradient were apparent- 
ly two models of Ulliot (1936) in which the light gradient was produced by 
various means. The first model (Figure 1 on the left) consists of a trough 
(5) 110 cm long and 35 cm wide. Cardboard shields (4) for reflecting direct 
rays are fixed at both ends of the trough. 

Over the trough a plate made from opaque glass (2) is placed, with blinds 
(3) from a thin tin-foil arranged at a distance of 3 cm from each other. 

Light source is an electric lamp (1) on a tripod. To change the intensity 



of light the lamp can be moved upwards and downwards light intensity Is 
inversely proportional to the square ol the distance from the source ol light 
to the object Tin foil shields blocked direct rays and formed a light grad 

of For determination of light intensity, 

luxes was used The animals war, t placed £££»£ 

excosed to tight for a desired period of time 1 nereaiie , 
of animals wS recorded and compared with Ugh, intensity 




-.r at gar 

7 rid model 

the°chamber ha. • downed, »to„g 

SSHgSS^^^ 


:S=r=:st?SSr3s£? 

heS ° f'such filters IS ^opJrtfnnal to the ‘gj^'cM.la light of 

hrough ««*“ tbi8 case « P of the trough will wa formeil . 
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FIGURE 2. Biufrt' apparatus (1953) 

1— larapt, 2— flat veseli for the protection of one end of the 
compartment against he atin g. 


Bauer s' apparatus for producing light gradients (Baxters, 1053) functions 
on a different principle. As shown in Figure 2, the compartment for ani- 
mals (the compartment is 135 cm long and 25 cm wide) is lit at one end by 
a side light from three lamps. To prevent this side of the compartment 
from heating, flat glass vessels filled with water are placed between the 
compartment and the lamps. 


To create sharper gradients, Bauers added India ink to the water con- 
tattling the animals. In this way the extent of tight absorption by the water 
is increased, and it is possible to create a sharp pannage from bright 11- 
lummation to complete darkness In a comparatively Bhort segment. Harris 
and Wolf <1955) produced sharp vertical light gradient by simply iltumi- 
l “ g “ lar ““ h . wa " :r WKh the ald ° ! an electiric bulb suspended above 
. a tha ll f dt mlensll y °n the surface Is taken as 100%, it will equal 0.1% 
at a depth of 32 cm and 0.001% at a depth of 50 cm. 

Jones (1955) studied the etfect of light on lamprey larvae with the aid of 
behmdor^f^arva ^ tFigure 3 on *°p) was used for studies on the 
ISitv L^vf r B parts ° f the Iight s P ec trum of the same light 

J * C e Placed in a J" covered with opaque glass. Light 
rays Various livht ,? assed throu gh a vessel with water to adsorb thermal 
y For produclna 8 l h llht lUer medlum d = nBlt y were placed below this vessel. 
A gradient was objidnefwtth Se afdT e . mployed the P riMl P la of UUiot. 
placed under an lhd ld ° f 3 large number of vertical shields 

(Figure 3 below) Thr \ 88 plate at a diBtar, ce of 12 cm from each other 
^length .7 Z •compar«^m l ( 4^ t ‘ C P 7 P " ty dI a P^togradtent is 

This apparatus can be S rt , i ‘1 th = depth ° f ,he wa,er (S c,f ' h 
forced the animals to move atonfth r ° m h b ° l n “‘f 8 * by ° nd ° f 0,8 lam P s - Thla 
on the strength or location of the light'a^c m 8 d!rCC “° n - depending 

lion of M^mfs ta 8 t he^Lht eradi 3 i" domm ° n ' l e - lhe fact ‘bat the distribu- 
te count antmats in the Lrk oartfr m recorded vlsuaUy. It is impossible 
Part of the gradient. If the animals are 
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little mobile, the entire apparatus can be illuminated and the fish counted 
In studies on actively mobile fish this method is impractical or very ™ c ' 
curate. To eltminate these and other secondary, trrors. we have 
an apparatus tor producing photogradients, and have used it with satisfactory 
results {Ivlev, 1960) 



„CUM J P»»-PF“-“ K»» >■ ”*J* P" 


„del (Figure 41 *”* 

The main part °f long. 11 f” ”h prevents passage 

lexiglass. Us Ei2 ' „,th heat ‘“•'f noor Sr the compartment there 
rent is placed in slde s Undcr th” " <( a glance • » » 


:ance oi 

m each other f c«nP* r ‘ , ?“J e % M a> according device jJ^ivce ac- 

» .ct“»=r - * > - *=■ 

r; .o' ss? s- — - ,h - r “ e 




The whole photo-measuring system was calibrated with the aid of a con- 
ventional photometer- It was shown, among others, that a 5 cm layer of 
water in the compartment did not affect the results of measurements. To 
produce light gradient, the compartment with a ribbon of black plush pasted 
along its upper edge is covered with a gradient- producing glass which is 
made m the following way Photographic plates 13 X 18 cm are exposed to 
light and are developed for various periods, so that one plate is completely 
transparent (immediately placed in a fixer) and the others grow blacker and 
blacker. Hence, a gradient of blackness is produced. Series of plates with 
a uniform gradient of light are chosen. These plates are pasted between two 
glass rods 103 cm long and 13 cm wide. 


I 


FIGURE 4. Ivlev i appaxatej lot pnx*iir>n fiotopnUeca (19S2) 



Opaque electric lamp of 200 watts serves as the source of light. The 
lamp is suspended above the light end of the gradient glass, and may be 
moved vertically for obtaining light of varying intensity. 

In Figure 5 the curve of light intensities obtained in such an apparatus 
is presented As can be seen, the curve is close to a straight line and 
a regular deviation is noted only in the darkened segment. 

Finding a method for recording fish distribution in the compartment was 
of particular importance. This was solved in the following way. At both 
ends of the compartment two electrodes (4) were inserted (Figure 4). These 
were made from aluminium plates. The size of the electrodes (11X6 cm) 
corresponded to the size of the walls of the compartment With the aid of 

, thC electrodea were connected to the circuit of alternate current 
°. vo * B ' Current of this tension gives the animals an instantaneous 
^ ? ’ an » remain Numerous experiments have shown that 

* 5?° ck the fish ***** 1101 move and their distribution in the com- 
^h , "L W . aS , the San ? aS bef ° re 8hock todu cfc°n. With small organisms 
in nf m k 1 ®^ 0 * 21100118 cessation of movements was noted only 

in water of high mineral content. 

sitTln ^ Be !° re placin 2 th e fish in the compartment, the light mten- 

in fhJ comLrtm ,< U e M 8eCt S nS iS measured - T0 " to 50 fish are then placed 
in the compartment (depending on their size). One must ascertain that the 


282 





^rSt?r” e "me t toeX‘Sf S t=“ JS produced by '»“*? «» 

s^ra;d 4 ’ t ard:=ryr^s^- 

exposure is usually sufficient (or a umtorm “ r ..XnJthe electric shock 
isfe^d the distribution ot fish lying on the bottom of the 
compartment is determined 
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significance of these results depends on the reproducibility of the results 
and the accuracy required. 

Fishes which survive electric shock should be discarded. 

Gradient of a different type can also be obtained, for example, by illumi- 
nating the compartment from both sides. In experiments on the effect of 
light intensity on fish, their previous history (conditions before the experi- 
ment) is of great importance. Our studies showed that fish adapt rapidly 
to light of varying intensity. 

Apparatus of the size mentioned above gave good results with fish 6-7 cm 
long. It is usually difficult to obtain reproducible results in experiments 
with larger fish 

For other instructions useful in studies on distribution of fish in light 
gradients, see the chapter written by Ivlev (1962) which deals with methods 
of studies on thermal gradients. 
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METHODS OP STUDY OF THE REACTION OF SHOAL FISH TO LIGHT 
S G Zusser and O A Sokolov 

(All Un 00 Sclenllfc R«»««ch InrtUuie off •*>“>' » nJ 

Studies on the effect of underwater light on causes 

some light on the causes of dally vertical nugr on the rea ction 

of attraction of fish to artificial underwater Ug h [3 not 

of fish to light may be carried out in an aquarium the sue 
less than 150X600X600 mm 



Ft 0UR£l A » 1- " 




FIGURE 2 Apfsmut for studies oa the reaction of fuh 
to 1 jht 


At AU- Union Scientific Research Institute for Fishery and Oceanography 
laboratories, aquariums 200X800 X 800 mm in size are used (Fig. 1). The 
aquarium is divided into two halves by a partition made from opaque plastic 
material. The site of the partition is 800 mm X400 mm (3). The partition 
has a slit, (5) 350 mm wide, to allow passage of the fish. The left part 
t,nl h rt»J!!i , U darkeni;d . ^ right part illuminated. The illumina- 
olaced betwte f f ° f “ lnCa " dCSC1!nt lamps (6), opaque glass (7), mask (9) 
from frosted or PlaleS <8)and<10) madl! f rom frosted glass, screen (13) made 
conations for T C 6 m? 8 and “ °™ ue dase Frosted glass creates 

beneath nrese i 0rm Illumination cf screen (13) which, when viewed from 
To chans , fs , “ nlforml y illuminated surface, 
changeable maHka ^ Inteaa i t T in the illuminated part or the aquarium, intcr- 

ou^tngX “ 6ht with n “” dI " 

led with the airt of i u* whicfl la known - Light intensity can also be control- 
lamp 4e1to t a 5 ab0rat0ry ^transformer for feeding current into 
lam P 3 * Spectral com POsition of light emitted by lamps changes only 
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.““ftST. 1 " P rocc33 during lighting regulation it changed from ''80Q 
to 2300 on decreasing the current from 220 to 120 volts 

Light intensity at the water surface is measured with the aid of a LM 2 
luxometer produced by the Moscow cinema electromechanical plant Light 
intensity under water is measured with the aid of an underwater VNIRO {All 
Union Scientific Research Institute of Fishery and Oceanography) photometer 
consisting of a hermetic source of light with three selenium photoelements 
Switched in parallel, and a sensitive galvanometer 

Camera (2) on a special pyramidal device (I) is placed over the left part 
of aquarium Pictures are taken with flash lamp {4) - (exposure 0 0005 sec) 
With this exposure, the fish have no time to react to the flash and are fixed 
in their natural position 



ncu« 3 ***"» <« — - “• — - “ 

, into the aquarium the aquarium 

To prevent external light rom eria i{12) leaving only a small window (14) 
walls are covered with opaque 

for observations appl> rsws 13 shown fa Fig 2 The same ap 

partloTpartlydlsnosemhled h . shown In Fig ^ (1J) (FJ| , „ of 

Fig 3 , experiment is completed the upper part. 

SSS compartments are , re tepl „ thp aquarium until the »P 

Before the experiment * reaction to food Larvae of cbironomus 
pearancc of a normal aU “' * y mosl ly used Food is given in excess and 
:«h can to prevent the appearance of reflexes in 

?om iain place ot feeding 30m in the number of tufa present “ 

During >he «P'”2 e ° h aI q „srium is counted The behavior £ Mhsh for^ 

the illuminated P«-t £g nQt taken imo consideration T P 

10 min before «*•«*£ fish to the experimental conditions 

serves for adapts 
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METHODS OF DETERMINATION OF OPTIMAL TEMPERATURE 
V.S. Ivlev 

IStviftopol Biological SUtlon of the Academy of Science* ©* lU USSRJ 

The quantitative estimation of various ectflogo- physiological features is 
o£ great theoretical and practical interest. The action of environmental fac- 
tors on a given organism always has a physiological basis, representing a 
good example of unity of principles and methods of the two main biological 
disciplines -physiology and ecology. 

Temperature is a very important environmental factor. In contrast to 
many other environmental factors the action of which is usually manifest at 
their critical concentrations, the biological role of temperature is mainly 
that of regulation of the rate of physiological processes along the entire 
biological range. It is clear that this role of temperature is especially pro- 
nounced in poikilothermic animals, including fish. 

Recently, there has been a renewed interest in certain aspects of the effect 
of temperature on animals, namely on their distribution under conditions of 
spatial temperature gradients. The diversity of problems of fundamental 
importance which can be solved with the aid of this method, as well as the 
interpretation of the data obtained, have already been described (Ivlev, 1958). 

For designating the temperature preferred by animals under conditions 
of free choice, a multitude of terms have been proposed, preferendum, 
thermoprelerendum, selective or preferred temperature zone, thermotnetic 
optimum, and others. All these terms are used in the Soviet literature, 
and cause a certain confusion. It would be better if one term were used for 
designation of the same meaning. Temperature chosen by animals should 
best be termed selected temperature. 
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Studies along these lines resulted in the construction of a number of ap- 
paratuses, and led to the solution of other methodological problems. With- 
out dwelling on methods which allow only for qualitative work, we shall de 
scribe apparatuses with the aid of which one can obtain satisfactory quanti- 
tative results. 


The simplest apparatus of temperature gradients for studies on aquatic 
animals, and fish in particular, was that constructed according to the clas- 
sical" principle of Herter and subsequently widely used in various modifica- 
tions for the determination of temperature selection by terrestial animals, 
rhe various apparatuses constructed on this principle have been described 
in detail by N I Kalabukhov (1951). The principal part of these apparatuses 
is an elongated compartment for animals, made wholly or partly from heat- 
conducting material (metal) heated at one end and cooled at the other end. 
Such an apparatus adopted for study on aquatic animals is made from a lo g 
and shallow metal trough. One end of the trough has a metal sheet immersed 
in ice, while the other end is heated choKn 

In Fig. 1 an apparatus constructed accordmgtoHensr spr ac.plsissho.a 

The length ot the trough was 100 cm. one end of the met.1 plate 
an electric heater, while the other end was cooled In an ice-MIedcompart 
meat. Temperature in the various ?“*“ A. A. 

thermometers. Such an apparatus was u y * , . nb y aquatic in- 

Zabolotskli (1939) In their studies on “™ pera . lU " her on lish larvae, 

vertebrates, and by N. V. Evrope.tseva ( 941) to her m , sm aU 

This apparatus is suitable lor studies on little “°“ e , „ s h This is 
animals, and is impractical tor /" th , 8 abov , apparatus can be produc- 

so because stable temperature gradie . gra dient cannot be maul- 
ed only with very thin water layers. P because of convection 

'"The first apparatus spec.aHy " s ", 

ments. The total length ol 311 "“ p communicate with each other through 

aerated with the a * d °f , ac h compartment in small p COE amunt- 

ments. Water is fed ^: C C om P aftment ^ 0 t ^ r e I h c " U 0 tp h a rt n>^ * 

,s no now of water from “ e in „ a ter <«n>P" 3 '“ p . 3 f I. 

of other models ot 
different principle 5 




f^i fr =r ~t ss ~ "I 5 -^1* -*S* y 7* 

«L, — „ 
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FICURE 2. DtwJ»olf appirjtu* k* pcoductcj um^r«ut gradient* (1928). 

A - *iew Jiict above, 3 - iiumw aoa-waloa, C - loDjimduuI ow-xclion iUmU; 
amazement cl tub** fee iiflowinz (UiU cl/c)ej) and outflowing (bUck circlet) tub**, I, 2, 3 - 
partition* between compartment*, 4 - paaajt* between compartment*, 5 - bcrirceital net, 

6 - tuU wall c4 cat,, 7 - flap wall o< caie, 8 - *1U let cfcwrruiceu, 9 - lamp-, 10 - tab* 
far cxiftowlsg water, 11 - (eierve tub* pre>entinj overflow, 12 - tab* l& in'lo * (ng water, 

13 -• *cr*w clamp, 14 — lul fee casHcwing water tuber, 15 — water Level, 16 — inlet lor ccld 
water; 17 — lnlat Ice warm water, 18 - Inlet* Ice butewann water, Roman iijurri (below) 
In rf lca te octcbedral ccacpartmen!* 


Comprehensive studies on temperature selection were carried out by 
Canadian physiologists specializing in fish. Following we shall describe an 
apparatus for producing temperature gradients as described by Brett(1952). 

The main compartment for experimental fish Is a rectangular metal tank 
(97.5 cm long, 97.5 cm high and 50.3 cm wide). The face wall has an iron 
frame with glass. Cold water is fed through the metal tube, placed at the 
bottom of the tank. Along the tank walls a coiled copper tube runs from the 
top down. 

Through this tube hot water Is fed into tank. Two opposite currents of 
water (cold water running upwards and hot water running downwards in the 
coll pipe) created vertical temperature gradient In the tank. Horizontal 
ropes stretched over the glass plate permit the recording of the distribution 
of fish along the temperature gradient. Temperature in each water layer is 
measured with thermometers arranged along the right side wall of the tank. 
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Brett showed that the vertical distribution of fish in this apparatus is a 
function of temperature only, and does not depend on pressure, or on geo- 
tactic and other factors. 

Fig. 3 shows the distribution of fish during shifts in temperature gradient. 
As shown, the distribution of fish corresponds to the temperature gradient 
and does not depend on the height of the water layer with the optimal tempera- 
ture. 



FIGURE 3 DUtrlburloa of ftih 

ture p.dlot Srlecud «*,*»*" *» •«“'“* t0 Uy "* 
of virytag *3»ptb 

=■ «*«-•"• M 
water layer* In the •pp*'* tu3 


The apparatuses ot Kruger (1 951) ar flora.ed by two °P 

lit on the same principle. tempers model, «« “a 
site currents of hot and cold water. Th^ ^ not gi« 
tucted almost at the same tune- f a m wa> the first to « nsl lliM fl) 
encea, it ,a difficult to say which “ “ , |ed Fig. <• ,„ r , u>i 

paratus, This type of The 

rves a3 a compartment for exp . jobber plug® wl , hc entire 

icm in diameter. The tube is T,^., the *” e r ‘“ (2) .hich 

irmometers. The thermometers s“ S erear emeU c The 

igthof the tube (3). Nearbothendsof thetub^^^ 

event fish from approaching th / 4 ) and is supp 0 ,_ ea t and fa' 

mpartment ts placed tn a mettd 1»^« f „ r me 

lelda (5). The shields serve ,»,? flowing through the “ 

Hate the uniform stirring of water 



Cooled water is ted into the compartment from the left side and flows 
t through the right tube. Hot water is ted into the metal jacket from the 
right Sid! and leaves it from the left side through the same tube, H*guUting 
th! temperature of water flowing through the compartment and the metal 
lacket and modifying the rate of flow with the aid of clamps, a desired tom 
perature gradient along the compartment is established. The rate of flow fs 
usually 6-8 liters per hour. At such a rate there is no reaction of the fish 
to water current. Thermometers are usually placed at 10 cm intejrvala. 
Temperature difference read on adjacent thrmometers is 1 to 3 C. The total 
range of temperature is withm 10-15 C. 



FICURE 4. Schn»«lng-Engtb«rgifl<i temperature gradient apparatu* (1953) 


Comprehensive studies of 1. 1. Mantel'man (1958) who used the Schmeing- 
Engeberding apparatus showed that reproducible results could be obtained 
in experiments with small fish. It is difficult, however, to maintain stable 
temperature gradients for hours. This requires careful observations and 
systematic regulation of the preparation. 

The last model described is that of Herbert (1956). According to the 
author, this apparatus produces very stable temperature gradients (an ad- 
vantage of Herbert's model over the apparatus described above). 

Herbert apparatus is depicted in Fig. 5. Compartment (1) for experimen- 
tal fish ha3 a bend and slopes at an angle of 15 - 30° to the horizontal. Warm 
water is fed in the right arm (the desired temperature is reached with the 
aid of an electric heater (3). The cooling device (2) is in the left part of the 
apparatus. The cooling device consists of a system of tubes with extensions 
through which cooled water (8) runs. Thermometers (4) are inserted through 
openings in the upper part of the compartment (as in Schmeing-Engeberding 
apparatus). The lower part of the compartment is occupied by tube (5) for 
aeration. The air passes through glass nets (7). Water flows out through 
tube (6). 

Principle of the Herbert apparatus: the sloping position of the compart- 
ment causes cold water (owing to its higher density) to flow to the right and 
downward toward the hot water fed into the right part of the compartment. 

Apart from Hertcr apparatus, Herbert's device is the simplest of all ap- 
paratuses for producing a temperature gradient. 

Many of the apparatuses of varying types have a common function. Every 
experiment begins with the placing of experimental fish in their compartments 
before creating temperature gradients. Random distribution of fish in the 
absence of temperature gradient must be ascertained. If several fish are 
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used in one experiment it should be ascertained that they do not concentrate 
in certain parts of the compartment. No more than 8-10 specimens should 
be used in one experiment (this also holds for small fry) 



FICURE S Herbert t ippiuliu (1956) 

1- glaxi compartment with bend 2 cooling device 3 electric healer {cm tbe inlel Cube) 
4- pirt ot ccmfiirtmem with experimental fiih and thermometeri, S tube (or aeration, 

6- tube foe outflowing water) 7 glau nctf, 8 cold water (inflswlng and outflowing) 


After some time when the fish are adapted to the new surroun ge, 
begin to behave normally, the system of heating and cooling is SW1 J- 
and the desired temperature gradient is created. Recordings a re 
a stable temperature gradient has been attained. Since all i terS 

to some extent, their distribution is expressed in the num recordings 

at various temperatures. If the experiments last h pood- 
are made every 5 min. In longer experiments, t 30min , record- 

tngly prolonged In Doudoroff's experiments which last 
ings were made every 6 sec (with the aid of * ro istnbutjo n 0 f fish is best 
If several fish are used in each expenmen , moment 

recorded m the form of a graph. The position of tbe fish at any g 
is marked by pencil on a specially prepared chan. nrgt of ^ the data 

The data obtained may be processed in var o ’ To co mpare vanoua 

should be expressed in the form of a distn u 1 ef fjgh and registrations, 

curves obtained in experiments with dirf ® r ®" dmga. The distribution 
the latter is best expressed m P« ree "f ° * temperature is plotted on i the 
curve is plotted in the following coordinates ®P ^ cent on the orduute 

abscissa, and the number of encounters a ' e .j temperature, i.e* 

The criterion of optimal temperature recorded. *•*£•*>• 
ture at which the greatest number of enc temperature. 11 1 

modal temperature is more objective £ric form, the average pj 0 t- 

than when the distribution curve has a distribution curves ^ 

modal temperatures coincide. As a ' hayior fish m te ®P e ” use d 
ted from results of experiments on t temperatures sbo j.c. 

ients are not symmetrical, and bence graphical ^ e ^ pea kofthe 

Modal temperature is usually f ^mchcorresponds 
a point on the line of the abscissa i**® * accurate methods f °I crou> hard* 
distribution curve. There arei also ^ described (1 g 3 8) 

modal temperature values. Tbes e comprehensive b 

books on statistics, and in particula o uS sian. 
which has recently been translate 



Mantel* man (1958) used both modal temperature and "selected tempera- 
ture zone". Under the latter the author understands a temperature Interval 
with 30% of all recorded encounters. In other words, the selected zone in 
a normal distribution curve corresponds approximately to the value of the 
square deviation multiplied by two. 

In practice we encounter distribution curves which differ from normal 
distribution both m range and in asymmetry. These are very important 
biologically, since the former gives us an Idea on euri- or stenometry of 
the object studied, while the latter, on ecological tendencies towards high 
or low temperatures. The nature of the data obtained in experiments on 
temperature selection usually do not lend themselves to standard statistical 
interpretations of range and asymmetry, since the number of separate vari- 
ants is insufficient to obtain reliable values. For this reason we have used 
another method for '■alculating these criteria. This method is based on the 
graphic integration of empirical distribution curves (Ivlev, 1958). The fol- 
lowing criteria are conveniently used. 

Excess p * 


l raax 



tmin 


where n - number of encounters recorded at the given temperature; M 0 - 
mode in percent; t max - and tmin “ maximum and minimum temperatures 
delineating the temperature range within which the fish are distributed. 
Thermoasymmetry (canting) is equal to; 

l max t m 

J n.dt - j n.dt 

*m tmin * 

X*— — 

tmax “ t m in 

where tmax* ^min and maximum, minimum and modal temperatures, 
respectively. 

Integration Is done with the aid of ordinary planVmetera, since the in- 
tegral of any curve is equal to the area enclosed between the latter and the 
coordinates. 


As an example we shall describe the curves constructed from the data 
of Doudoroff (1938), and Sullivan and Fischer (1954). In the first case 
(Fig. 6) the modal temperature is 2S.4*C; p = 3.8 and the asymmetry factor 
a - 1.6. In the second case t m = 11.0*, p = 10.7 and X = 0.4. 

The use of the above criteria allows not only to obtain the value of selec- 
ted temperature, but also to assess in the form of simple indexes the general 
nature of the distribution curves. 


It is important to know at what temperature the fish had been kept before 
the experiment. Depending on the aims of the studies, the fish may be taken 
or experiments directly from water reservoirs where they live or may be 
« S °m C timC J at l he desired temperature for adaptation. For analysis 
this problem and references see work of 1. 1. Mantel' man (1958). 
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SIMPLEST ~ “"SOME »E„*» 

E A Veselov 
(P«l<ou»c«ljk Sl«* Uolrtul'l') 

,tt this chapter certain — 

the fishing Industry dctermlp d3 on [ishing farms We s tempera 

conditions and other facto ” f th g cf f e ct of light, water cu • 
some simple methods of on ris h larvae and try d £ry 

turc and danger from P redat u3 in experiments wi ‘ lb rnus 

ods have been elaborated and ‘ (PaUa3 ) and Chalcalburnu 

Vlmb “, '’‘^nYb’lcu 

chalcoides danubic 


ments of these orgt *'*''”„* on the distnou^ possible toestaou^ 

Even with simple f “" 3b 101 ents of « (Shkarbatov * jJ . 1 » 8 I 

hated and darkened »™“ nc ,es «* *■» »"«' U! “ “ 
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w ” 

liquid »SP“ thrice so , wo parts U<^ M £ d „“ ar ,ae of try o' 

The vessel is 0 „e -eater r „„ water Attention 

should be paid tD ld be* 

perimentalve^ ie nt S > 

kept before the 



Observations are made in various light conditions. In diffuse daylight 
(at a distance of 1 m from the laboratory window or on the street) and in 
direct sunlight at various hours of the day. This apparatus is also suitable 
for experiments with artificial light; in that case the light intensity of the 
electric bulbs may be changed, as well as the distance from the source of 
light to the vessel. The vessel should be placed perpendicularly to the light 
rays to ensure maximum darkening of the dark part and full Illumination of 
the light part of the vessel. 

Light intensity of any segment is conveniently measured with the aid of 
a photometer. In extreme cases an exposure meter used in photography 
may be employed (for example, exposure meter "Leningrad"). 

Light intensity in light and dark parts of the vessel is measured before 
the experiment, and before filling the vessel with water. 

Recording of the distribution of larvae and fry in the dark and light parts 
of aquarium should be commenced 20 - 30 min after placing the vessel in the 
desired spot. Recordings should be made every 5-6 min for one hour. The 
number of larvae and fish fry in the light and dark parts of the aquarium is 
counted in the process. Care should be taken that the experimental organisms 
should not be disturbed by noise, movements of people, etc,, factors which 
may affect their distribution. 

The ten recordings made during one hour will give us an idea on the extent 
of preference by larvae or fry of illuminated or dark parts of the aquarium. 
The total number obtained from observations in the dark and light parts is 
taken as 100%. The percent of fish found in the dark or light parts of the 
aquarium will characterize the effect of light on these organisms. The deci- 
mal system of observations (10 organisms and 10 observations) facilitates 
calculations. 



nCURI 1. Appimui for ttudie* on phctteeflexea In larvae 
kV the u*e of fc«r variant* of ilium (nation. 

cu» veucl. the bcttoai and wall* of which are painted for 
1/4 length with black lacquer (blackened tegmenta ate In- 


A more complex method tor s.„d.et ’‘“""SS*" 
by which the experimental organisms a g illumination are produced 
light conditions For this reason four 

dark part, shady part, illuminated pa a g - 000 .4 oOOml is used 
A rectangular, square bottomed g'aasve^ ^ as shown an 

The bottom is divided into four equal q halves of the side walls are 

Fig. 1 . The first square and the corresp^g halueam,^ ^ vessel 
covered with a layer of asphalt lacquer experimental larvae and fry 

is tilled to 4/5 US volume “ rgar , ls ms are then placed in the 

were kept before the experiment desired light conditions (diffuse 

vessel. The vessel is then placed in the dej J 1 ^ ^ placed „ jttoa 

daylight, artificial illumination, etc 1 h (hat the rays should fall on the 
to the source of light (the sun, 1 ™ P a „, (Flg . 1) In this case 

sidewall 'ab' against the first and fou , No 2 will be shaded by the sha 

square No. 1 wlU be darkened, and squareN £ No 3 w.Ube more 

dow falling from the °P^ ue , pa < l l ' 1U uminaKd as square No 3 Jh 
illuminated and square No. s squares are more prono 

differences In illumination background for the noncolored part 

the sun or on artificial ilium biatlom The ac^ g^^t^ ^ pap er under 
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“• The distribution of fish larvae - «* - -* ^ ^ ' ‘ „ 

corded os described P rev '°“ b £ n60 usly the 20 larvae and fry P ‘ rts 

It is difficult to count 3 ““‘‘““““mber of ‘n 'h.varWP^ 

four zones of the vesse , countIng> We thus recom Durpose a 35mm n ltn 
of the vessel alters during a „ t them. F° r ,b J“ P d P „ a tripod above 

of fry distribution instead f^^ etc ) »h»‘^ b ' '“,f ku ,g oI pictures from 

camera (for “ample FED.^ HkwM P*” “Lumped so that ihe film 
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a ca^Tov°eV» 


ca^ lie'mo'md'and the^alj^ia^^h^p^r sfilng wound^around^ 
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FICURE 2. Film camera (TEC) u ud in audit* ca die dmriinaloa of rub larvae 
and try m user with diflertnt lign* intensity 

A — cnotii. view iioro i!nn(. 6— camera, tide view, l* winding lever with 
thread wound around It, 2- thread of Ifcin string, 3' (butter release button, 

4- lever lor releasing (butter frosn a distance, 5- thread for stretching the 
lever, 6* lees. 


THE tntCT Cf RATE CF WATER FLOW CN FISH LARVAE AND FRY (RHE0TAX1S AND LLMNCPH1L1A) 

The reaction of fish fry to water current is of great interest for ecology 
and fisheries, as well as for studies on evolution. The appearance of descending 
instinct in fry of anadromous fish is linked with rheotaxis and Umnophilia. It 
is important that fish breeders should know when to release the fry-of- the- 
year into the river, since the rapid descent of the fry into the sea, and their 
survival in the river (maximum protection against predatory fish inhabiting 
the river in question) depend on correct timing. 
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The simplest apparatus ,or s ‘“*“ ^“"d by m for studies °n larvae 

bv A Ya. Belogurov (1939) and som hasln made from galvanized tr , 

andVry? The apparatus - *"£ *££ tube 

40 era in diameter and 13 cm high ^ 3 cm above the bottom^ 

is soldered at an acute ang f ® basin f 0 r 1 -1 Scmandfromoutsi e is sol- 
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FIGURE 3. Appvttus wub CtiCuUr flow U *un for audtn 
OB lUcUlU of fab lirvit aad try 

A - tchcditk: (eprcMcUlfos tom ibovf, 8 — general vUrr 
of th* appuuut; 1 - tube la ioflorlcj ttuer, 2- neat cl tfce 
tii>« ta ojtflooita wiltj, i- ucrticil plun Ux cstiuoj 
ttijiict total, 4- round bcrfioeul pUw with too* for oci- 
n9*Ul«iur, 5- tub* with rubbcx icx ouQo»ig; 

«Utf 

Volumetric data may be converted into linear data (in cm /min) by appropriate 
preliminary determinations. 

We have constructed an apparatus which imitates the flow of a brook. 

This apparatus consists ol a tub o£ galvanized iron used in departments 
ol lishing larros lor keeping larvae. This tub is divided by three transverse 
and one longitudinal partition to lonn one long labyrinth. Length of the tub — 
123 cm, its width — 65 cm; height of walls and Inner partitions - 15 cm. Due 
to partitions arranged as shown in Fig. 4, a corridor is formed inside the 
tub, its width being - 16cm; This corridor consists of four longitudinal and 
three transverse bends (inner diameter 2- 2.5cm). The tube is connected 
with a tap. In the last bend of the labyrinth, 1 cm above the bottom of the 
tub, three tubes, each 4 cm in diameter, are soldered to the wall of the tub 
(lor outflowing water). Owing to the wide diameter of the water pipe, quite 
a strong current may be formed in the labyrinth. The rate of outflowing 
water may be regulated by closing one or two tubes for the outflowing water; 
2 - 3 cm before the tubes for outflowing water a dense metal net or a wooden 
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In the first series of experiments, the fry is placed in the apparatus near 
the outlets (the slowest speed of water flow is used). U the studied 

swims against the current, the time required to swim the entire length of the 
labyrinth is recorded. This experiment is repeated several times with dif- 
ferent single organisms and with a shoal consisting of 10 - 15 organisms. 

The rate of water flow is then increased and the same experiments are re- 


peated in the same order. 

In this way the following features are determined: 1) the mean speed of 
movement of the fry against current of various flow rates; 2) maximum 
speed of water flow which can be overcome by the fry (in cm/nun). 

If the organisms display strong rheotaxis, they usually never remain the 
outlet end of the labyrinth (even during the strongest current) but swim to 
the opposite end of the labyrinth. Fry with limnophilic tendencies or with 
a descending instinct remain at the outlet and never pass the sixth bend of the 


labyrinth. 

In the second senes of experiments the fish are placed near the first bend 
(near the place where water enters the labyrinth). In such a case the organ- 
isms may either remain in this place or immediately swim with the current. 
The following features are determined: 1) how long the organisms remain 
near the first bend (at various rates of water flow); 2) the speed with which 
the organisms swim or are carried by the current (in cm /min). 3) the mini- 
mum rate of water flow at which the fry are earned with the current. 

Limnophilic fry or those with descending instinct never remain near the 
first bend, but immediately swim orare carried with the current (even at alow 
rate of water flow). On the other hand, fry with pronounced limnophilia « 
remain immobile for a long time, even at a high rate of water flow 

Experiments of the first and second seneB are carried out with individual 
specimens and with groups of organisms, and should be repeated many times 
at various rates of water flow. Behavior of the fry is determined on the basis 
of average figures and deviations. Studies of anadroroous fish fry in various 
stages of growth revealed the gradual development of rheotaxis, followed by 
Umnophilia and the appearance of a descending reflex. 

.Apart from quantitative aspects, these studies also reveal the general be- 
havior of fry under various conditions (varying strength of current) which is 
of great interest. Locks and flood-gates are used to create conditions resem- 
bling those encountered In nature (for example in mountain rivers). 

We constructed a small apparatus for studies on the behavior of larvae and 
very young fry. Thi3 apparatus is based on the same principle as the large 
one which was described earlier. It differs from the latter only in its size 
(55X30XG cm) and in some details in the location of partitions (Fig. 5). Ex- 
periments with small fry are carried out in the same way as those with larger 
organisms in the large apparatus. 

Irt experiments with both large and small larvae and fry carried out in the 
Urge or small apparatuses, the experimental conditions should be diversi- 
fied by creating sand, gravel or stony bottoms. This in combmation with 
artificial waterfalls, rapid whirlpools, bolts and flood-gates enables one to 
obtain an Interesting picture of the behavior of fish under a variety of condi- 
tions resembling those prevailing in rivers. 
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aerated not less than three times a day (by blowing air through a pulverizer 
bulb) and replaced with fresh water not less than once a day. Water for re- 
placement should be kept in the thermostat so that its temperature should be 
the same as that in the vessel containing the experimental organisms. Fry 
are best be fed on living daphma and cyclopB. 

The initial temperature of water in the experiments is that which is present 
in brooks for 5 days before the experiments. The temperature in the thermo- 
stats is gradually raised, by not more than 2’C a day. The state of the fry is 
periodically watched. It is convenient to employ thermostats with two doors, 
one outer metal door and one inner glass door. This enables one to watch the 
fry without causing any temperature changes in the thermostat. Temperature# 
at which the following phenomena take place should be recorded: a) isolated 
cases of shock, b) shock of all organisms, c) isolated death cases, d) death 
of all organisms studied. If it is necessary to study the effect of low tempera- 
tures, the experiments are carried out according to the diagram described, 
with the exception that in place of a thermostat, a cryostat or refrigerator 
are used. 

II -The reaction of fry to sudden changes in temperature is also studied 
For this purpose, organisms are taken from aquarium with a water temperature 
to which they were adapted and placed in a series of glass jars with higher 
temperature. Each jar is filled with water at a temperature higher by 0.5 - 
1.0°C than that in the preceding jar. The temperature in the whole series 
of jars ranges from normal temperature to 40°G. 

Small fry (20 - 45 mm long) are conveniently studied in 350 - 500 ml glass 
jars. To prevent rapid cooling of water the jars should be placed in simple 
thermostats which consist of a wooden box filled with heat-insulating mater- 
ial (thin sawdust paper, shreds, cotton, oakum etc.) and cork rings for glass 
jars. The box should be covered with a glass lid. All jars are filled with 
water at room temperature to which various amounts of hot water are added. 

In this way a senes of jars with a temperature gradient is obtained (each jar 
is hotter than the preceding one by 0,5- 1.0°C). One to two organisms are 
placed in each jar (this is done with the aid of small gauze net). Their be- 
havior is watched for one hour. 

In jars with a high water temperature the organisms usually display shock 
in a matter ol several minutes. In some instances this shock ends in death, 
in other instances the organisms recover from it. One should record in which 
vessels (at what temperature) a) the fish die, b) the fish display shock, c) the 
fish behave normally (no shock occurs). The experiment should be repeated 
several times, and the temperature in the jars should be measured carefully. 
If the resistance to cold is also to be studied, similar experiments are car- 
ried out, with the exception that the jars contain water with lower temperature 
than that to which the organisms were adapted. For this purpose, water in 
the jars is diluted with ice-cold water (at 0°C). 

The results of the experiments on resistance to hot and cold water are sup- 
p emented by those on temperature selection. For this purpose we construc- 
ted on apparatus depicted in Fig 6 which constitutes a modified version of 
nmcing-Engeberding* apparatus used for studies on the behavior of fish fry 
in varying temperature gradients (Mantel'man, 1958). 

The main part of this apparatus is a metal box (from galvanized iron or 

Inc sheets) 100 cm long, 10 cm wide and 13 cm high. Metal muffs, 20 cm 

• (S«« pftcdiaj Ckip »«r by V $ lvl«v ) 



from S ? l , derC< ! t0 b0th end3 of box Each muff surrounds the box 
m four sides from below, from the sides and from the side of the 

WaU Th<i tWckneSS of the muff 1 e distance from box 
wall to the outer muff wall is 3 cm 

Each muff is provided with two tubes 2 cm in diameter the lower for in 
nowrng water, and the upper for outflowing water The box should be paint 
ed with white enamel paint p 

The apparatus is placed in a wooden, heat insulated box {felt oakum 
cotton fine sawdust wood chips etc ) The bottom and walls of the 
metal box are divided by 4 lacquer marks into 5 segments each 20 cm long 
In each segment, at a distance of 1 1 5cm from the walls thermometers 
are fixed The thermometers should be tested for correct function 


Water supply may vary, depending on technical possibilities heating and 
cooling devices should be used If hot and cold running water is available 
then one muff is connected to the cold water tap* and the other muff to the 
hot water tap Under more primitive conditions wooden barrels may be 
used Two barrels {capacity of 9 10 buckets) are fixed alongside the ap 
paratus approximately 0 5m above it One barrel is filled with hot water 
and the other with cold water Each barrel should have a tap fixed at its 
bottom The taps are connected with the corresponding lower tubes of one 
of the muf/s by means of a rubber tube Upper muffs (for outflowing water) 
are connected with a rubber tube placed in the sink 

The metal box of the apparatus is filled with water at the temperature 
prevailing in the pond from which the organisms were taken Hot water 
flows through the muff and cold water through another In this way a tem 
perature gradient is produced which is checked by thermometer readings 
Each segment should be enumerated 
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aerated not less than three times a day (by blowing air through a pulverizer 
bulb) and replaced with fresh water not less than once a day. Water for re- 
placement should be kept in the thermostat so that its temperature should be 
the same as that in the vessel containing the experimental organisms. Fry 
are best be fed on living daphnia and cyclops. 

The initial temperature of water in the experiments is that which is present 
in brooks for 5 days before the experiments. The temperature in the thermo- 
stats is gradually raised, by not more than 2 8 C a day. The state of the fry is 
periodically watched. It is convenient to employ thermostats with two doors, 
one outer metal door and one inner glass door. This enables one to watch the 
fry without causing any temperature changes in the thermostat. Temperatures 
at which the following phenomena take place should be recorded: a) isolated 
cases of shock; b) shock of all organisms; c) isolated death cases; d) death 
of all organisms studied. If it is necessary to study the effect of low tempera- 
tures, the experiments are carried out according to the diagram described, 
with the exception that in place of a thermostat, a cryostat or refrigerator 
are used. 

II - The reaction of fry to sudden changes in temperature is also studied. 
Forthis purpose, organisms are taken from aquarium with a water temperature 
to which they were adapted and placed in a scries of glass jars with higher 
temperature. Each jar is filled with water at a temperature higher by 0.5 - 
1.0°C than that in the preceding jar. The temperature in the whole series 
of jars ranges from normal temperature to 40 # C. 

Small fry (20- 45 mm long) are conveniently studied in 350- 500 ml glass 
jars. To prevent rapid cooling of water the jars should be placed in simple 
thermostats which consist of a wooden box filled with heat -insulating mater- 
ial (thin sawdust paper, shreds, cotton, oakum etc.) and cork rings for glass 
jars. The box should be covered with a glass lid. All jars are filled with 
water at room temperature to which various amounts of hot water are added. 

In this way a series of jars with a temperature gradient is obtained (each jar 
is hotter than the preceding one by 0.5 - 1.0’C). One to two organisms are 
placed in each jar (this is done with the aid of small gauze net). Their be- 
havior is watched for one hour. 

In jars with a high water temperature the organisms usually display shock 
in a matter of several minutes. In some instances this shock ends in death, 
in other instances the organisms recover from it. One should record in which 
vessels (at what temperature) a) the fish die; b) the fish display shock; c) the 
fish behave normally (no shock occurs). The experiment should be repeated 
several times, and the temperature in the jars should be measured carefully. 
If the resistance to cold is also to be studied, similar experiments are car- 
ried out, with the exception that the jars contain water with lower temperature 
than that to which the organisms were adapted. For this purpose, water in 
the jars is diluted with ice-cold water (at 0°C). 

The results of the experiments on resistance to hot and cold water are sup- 
plemented by those on temperature selection. For this purpose we construc- 
ted on apparatus depicted in Fig 6 which constitutes a modified version of 
Schmeing-Engeberding* apparatus used for studies on the behavior of fish fry 
in varying temperature gradients (Mantel'man, 1958). 

The main part of this apparatus is a metal box (from galvanized iron or 
zinc sheets) 100 cm long, 10 cm wide and 13 cm high. Metal muffs, 20 cm 

* (See preceding chapter by V S Ivlev.) 
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long, are soldered to both ends of the box. Each muff surrounds the box 
from four sides, from below, from the sides, and from the side of the 
transverse wall. The thickness of the muff. 1 e the distance from box 
wall to the outer muff wall, Is 3 cm. 

Each muff is provided with two tubes 2 cm in diameter, the lower for in- 
Howing water, and the upper for outflowing water. The boa should be paint- 
ed with white enamel paint. . 

The apparatus is placed m a wooden, heat insulated box (felt, oakum, 
cotton fine sawdust, wood ctupa, etc ) The bottom and walls of the 
metal 'box are divided by 4 lacquer marks into 5 segments, each 20 cm long. 
saZenT. at a distance of 1 - 1.5 cm from the walla, thermometers 

cooling devices should be used, ft n ^ ^ other muff to thc 

then one muff is connected to the cold wtfarfe maJ 

hot water tap. Under more primi ” ( are fuied alongside the ap- 

used. Two barrels (capacity of 9 1 barre f | B filled with hot water 

paratus approximately O.S m above “■ ._ Qukl have a tap fixed at Its 

Ld the other with cold water. Each bar, ^ “ tow ^ r tllbM of one 

bottom. The taps are Upper muffs (for outflowing water) 

of the muffs by means of a rubber tube uppe 
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a) the distribution of fry in various parts of the box is recorded (their bound- 
aries are marked on the walls by black asphalt lacquer) and b) temperature 
in these parts is measured. Studies are carried out in the same manner as 
those on the distribution of fry in experiments on photo re flexes. The number 
of fry present in the various parts in the given time is counted from the sec- 
ond segment to the last one. Temperature readings are then taken. Such 
recordings are made every 6 min (ten determinations per hour). Average 
figures characterize the distribution of fry in each part of the apparatus. 

There is no need to measure temperature every 6 min*, it is sufficient 
to take temperature readings at the beginning, in the middle, and at the end 
of the experiment, and to calculate the average temperature of each part 
during the experiment. 

The results show the temperature preferred by the fry studied (within the 
temperature range used in the experiment). 

Care should be taken that the fry should not be affected by noise, by uneven 
light or by other disturbances. 

More accurate results can be obtained by taking pictures of fry distribu- 
tion (as described above on p 299-300). Procedure: l)the required tempera- 
ture and rate of water flow which washes off the terminal muffs are ascer- 
tained, 2) the camera is fixed on a tripod and made ready for taking pic- 
tures; 3) the fry are placed m the apparatus; 4) 10 min later temperature 
readings are taken; 5) after another 10 min a photograph of fry distribution 
is taken. Photographs should be taken by a person sitting in another room 
or at some distance from the apparatus (remote control of the camera has 
been described in this chapter); 6) photographs are taken at 6 min intervals 
on the additional occasions; 7) no pictures are taken for several minutes, 
and temperature readings are taken; 8) another five pictures are taken; 

9) final temperature readings are then taken. 

The film is developed and the data are processed as in experiments with 
visual observations. 

The results obtained by the use of the methods for studies on lethal, shock 
and optimal temperatures on vimba and shemaia (Chalcalburnus chal- 
coides) fry are presented in the work of Z.P. Sil'chenko(1954), who worked 
under our guidance. 


DETEJ.SE REFLEXES CF LARVAE AND FRY AGAINST PREDATORY ANIMALS 

Defense reflexes of fish are of great importance for species preservation, 
and represent one of the most important factors affecting the return coef- 
ficient which characterizes the effectiveness of fish-breeding measures. 

The bulk of larvae and fry bred in fishing farms and subsequently placed in 
natural and artificial water reservoirs (ponds, water reservoirs, rivers, 
lakes etc.) fall prey to predatory organism (dragonfly larvae, beetles, 
predatory fish). 

The percentage of survivors depends on inborn (unconditioned) self-preser- 
vation and defense reflexes, and even more on the ability of the larvae and 
fry to develop conditioned reflexes as a result of the training effect of the 
environment. 

In collaboration with A. I. Ivanova and A. D. Pshedetskaya we developed and 
tested some simple procedures for studies on the ability of fry to avoid 


308 



predatory fish GV Popov (1953) was the first to attempt to combine our 
method with model experiments (model of predatory fish and induction cur 
rent stimuli) 

For the experiments, 4-5 wooden boxes (app 60X40X30 cm) with solid 
walls and metal net flooring are used (2 4 mm mesh) depending on the size 
of the fry - the latter should not be able to pas3 through the net 

The box is covered with a fishing net or metallic netting (mesh si*e 5- 
10 mm) to prevent try from jumping out ot the box during attacks by pro 
datory fish Instead ot special boxes Ses Green or Chaltkov incubators 

ma Ch b iiko e v d apparatuses are better because they have Doors and side walls 
made of metal netting (for better water circufction) of a 

Each box is divided into two compartments by ^ * arlltl0n l8 fixed in 
wooden frame with a fishing net Strctche ^ inner P sur f ace 0 { the side 

metal or wooden grooves screwed vert y n the er0 oves The mesb size 
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depending on experimental conditions) so ** pM1 uon tas m the case 
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Each experiment should be repeated not less than 3-5 times, to eliminate 
any deviations associated with individual properties of the predatory fish, of 

^Below^re several variations of the experiments: l) experiments without 
the use of nets, 2) experiments in boxes with a stony bottom; 3) experi- 
ments with isolated fry. 

In the first case the box has no partition even in the first experiment. It 
is clear that this would lead to great losses, since the fry are devoid of shel- 
ter. In such experiments the number of fry used in the experiments should 
be increased to 60 - 70, depending on the size of the fry and the voracious- 
ness of the predatory fish. In such experiments the fry are trained not to 
take cover, but to run away from the predatory fish. 

In experiments with stony bottoms both reflexes are developed: the ability 
to run away from the predatory fish, and the ability to take cover in places 
inaccessible to the latter (on the bottom between stones). Small, flat pebbles 
(2- 3.5 cm thick) should be selected. These stones provide an adequate shel- 
ter for fry, but do not interfere with the movements of the predatory fish. 

In these experiments the number of fry which have survived one and two days 
with predatory fish is counted. 

Experiments with single fry are carried out in the following way: Three 
boxes should be watched simultaneously with a stop-watch in hand. The 
boxes should not contain stones or partitions. Each box should contain one 
starving predatory fish. In one box a single untrained fry specimen is 
placed (fry which has never been in the presence of predatory fish). The 
second box contains one young fish which has survived one day (in experi- 
ment with 50 fry), and the third box contains one young fish which has sur- 
vived two days in the presence of predatory fish. The time which has 
elapsed from placing the fry in the box and its being devoured by the pre- 
datory fish is recorded. It is difficult to carry out these experiments with 
slightly active predatory fish and extremely active fry (since it will take a 
long time for the predatory fish to devour the fry). 

In such a case, 3-5 fry should be placed In each box. 

To obtain a clear picture (by taking average data), experiments with single 
untrained and trained fry should be repeated not iess than 10 times. 

It is of interest to compare defense reflexes of fry-of-the-year grown 
under natural and artificial conditions. 

This permits to reveal the shortcomings of artificial breeding and to 
determine the so-called return coefficient with accuracy. 

By collecting data on defense reflexes of larvae and fry grown under natu- 
ral and artificial conditions we shall be able, in the foreseeable future, to 
solve the problem of eliminating inadequate development of defense reflexes 
in fry grown In artificial fish ponds. 
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